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THE “CELESTIAL CYCLE,” 

CONTINUED AT THE HARTWELL OBSERVATORY. 


INTEODtrCTIOE 


(Phihsoplt^ can) “ so inform 
Tho mind that is within us, so impress 
With quiotuess and beauty, and so food 
• With lofty thoughts—that noithor ovil tonguos, 

Hash judgments, nor the sneors of selfish men, 

N*or grootings whore no kindness is, nor all 
The dreary intercourse of oominon life, 

Can e’er prevail against us,” 

Words WOETH. 

« 

More than a dozen years ago, I published a work under tho title of “ A Cyde 
of Celestial Objects,” which brought our general astronomical knowledge pretty 
fairly up to the year 1844; but oyon in the brief span of time that has elapsed 
what a wonderful advance has been made, both in tho theory and practice 
of that sublime science I Since then, the powerful meridian-instrument at 
Greenwich,-the monster telescope of Lord Eosse,-the multiplication of large 
refractors, as well as the application of electro-magnetism to. transfer the beats 

of a clock from one station to another, and to register celestial culminations_ 

have been successfully accomplished. Never was the pursuit of Astronomy 
more liberally cultivated by the governments of Europe thau during the time 
here dted, and our Colonial institutions have pulled' a strong oar in the general 
movem^t; while in the United States of America, several public observatories 
have beeu so efiPectively established aud worked, as already to have t f>,TrftTi their 
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, • * 1 , W, Tsisk as it wre l«r mltum. Smce the above montionod 

r, tbe—aad 3 ;;r r 

"^tvetltrrjrloa, .a .e sa.0 ..iod o. 

triamph has witaessed the proudest result of astrouomoal theory and prao no 
which the world has boasted siuee the time o£ Newton, namely, the protohon an< 
auuovery of the trans-Tlranian planet. Neptune. Thus ban sconce trod a hrdhant 
caieer of energetic adTancement in tie domain of intellectual cultuio, diligent y 
combining detail and generalization of tie iigiest order; and. under tic sure, 
pilotage of sound induction, it ias largely aided in tie comprcicnsion of tie laws 
and order of tie material universe. All tiis directly tends to advance our know- 
ledge of tie grander pienomena of Nature, on wiici successive ages will con¬ 
tinue probaHy to tirow progressive ligit; for, notwitistanding all tie lat(‘ 
iarvests, we must not for a moment imagine that hut little more is obtainable. 
In a word, promptness and accuracy in opening out tie speculative faeulti(‘.« 
of man, form tie distinctive glory of tie age wo live in; and, with astronomy 
as witi all otier brancies of iuman acquirements, tie discoveries abroady made, 
instead of eriausting tie pursuit, siould only act as allurements to vigorous 
energy and renewed iope. 

jEVom tiis grand and truly wonderful tieme, I must now descend to tie 
aoh^ation of my own mite towards tie general progress; since there appears 
to he a rational inducement that I should add another phase to my Cycle, as 
well. tci record tie grand reveabnents that have dawned on the cultivators of 
astronomy,^ as to enrol tie observations which I have made at Hartwell since 
tie dismanliiig ofi the Bedford Observatory. We shall therefore ooramonco 
at, once wilbb. tie (^cle.’B— 


iNTEODUefrOEY StETOH OF THE PROGEESS OF ASTRONOMY. 


;: , ' QHaaimsB; AsxBp!l!io>re.^-^Cta this subject (Oyde I. p. 4) I have further to 
:—Aa tie sqI^ edipse,; for which tie two state oldoers Ho and Hi—having 



ANCIENT SOIiATl ECLIPSE. 


3 


failed to predict it—were sentenced to death, is the most ancient ohserration 
of which any record has been preserved by History or Tradition, it is of the 
highest interest in the reminiscences of man as well as of science. I am 
therefore happy to avail myself of a correction and elucidation of this pheno¬ 
menon which my late friend It. W. Itothman, Itegistrar of the London Uni- v 
versity, placed in my hands after his having road the statement that I have 
given, and found the authority which I had followed was upwards of forty 
years out in the date. By carefully scrutinizing the discussions of the Jesuit 
missionaries De Mailla and Gaubil, and by using better moans nrifl tables 
than they could obtain, Mr. Rothman satisfied every indication of the old 
Chinese account, and confirmed all* the particulars:— 

“ It appears,’’ said my friend, “ that a history called the Chou-Kxiig, a work of tho highest 
authority, though its exact date is not known, contains a statement to tlie following offoot: That, 
towards the beginning of tlio reign of the ISmperor Touou-Kanq, on tlio first day of tho third 
moon of autumn, the sun was eclipsed in tho constellation Fang. • * * • Another chrouiclo, the 
Teho^Tehou, loss ancient, though still of high antic^uity—for it is anterior to tho year 460 B.O., 
furnishes more paxticulars. It states that tho edipso in question took place in the filth' year of the! 
reign of Tonou-KANQ, on the first day of the ninth moon; and it adds the cycle characters for 
tho day and year, which correspond to the IStlr of October, 2128 b.c. 

As our able scholar justly recognised this to bo the earliest existing mu¬ 
niment of astronomy, and saw its importance in chronology, he determined to 
ascertain, with the improved appUances of the present ago, whether such an 
event really took place at the time specified. In, the conclusion from those 
promises startling as the antiquity of tho observation undoubtedly is—he 

actually found all the indications of tho Chinese historians completely verified_ 

that a great eoHpse occurred at noon-day on the identical 13th of October, 
2128 B.o.; that the sun was in the sign Bang (/Steorpww); and that the 
elements must have been as follow:_ 


* See the eleventh volume of tho Memoirs of the Royal Astronomioal Society. Mr. Rothman cites Tohou-King 
(Shu-Kang) as a JooA, whereas another good linguist interpreted it to me as a person, The names however may 
ho easily reooncileable were it worth the while, of a duly, qualified person to rake among the Tsu-Sbu, the 
Kang-Muh, the Ping-Hwan, the lli-Kien, and the Ting-Wangs; but it is the eclipse which it is requisite liero 
to keep in view, as a capital starting-point in the Soiuntu SintOA. 
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li. m, u. 

Instant of true conjunction, Paris m. t from midnight, 20 11 62. 
True longitude of the luminaries .... 183° 37^ 39''. 

True latitude D. +3111. 

Horizontal equatorial parallax D .... 65 59. 

Horizontal semidiameter 5 . . • • • 16 16. 

Semidiameter ©. 16 IG. 

Horary motion D in longitude. 31 10. 

,, ,, latitude ... . 2 53. 


It farther appears that the residence of the Emperor Tchott-Kcmg was a 
town of the third class, called Tay-^Kcmg-Kien, in latitude 34^ 7' north, and 
longitude 40° east, from Paris, according to the missionaries. With those data 
he found that in mean time from midnight at that place there would follow 


li. m. B. 

Instant of the greatest eclipse . . . . • 12 8 47. 

Least apparent distance of centres . . • • 3^ 41^^ 

Apparent semidiameter of s. 15 28. 

Magnitude of the eclipse, in digits .... 10-5. 


SO that a most important historical phenomenon is fully confirmed hy modern 
science, after an interval of no less than 3986 yearsl This is a far more 
remote date than the one which I cited (vol. i. page 5), as the earliest of 
the Ohiuese observations on which the illustrious author of the Mocaniquo 
Odleste placed confidence: there is, however, a senior claim in the Brahmin- 
ioal Stirhya Sudddnia (smi demomtratedj, on which Laplace said— 

“ I find by my theory that, at the Indian epoch of 3012 years B.C., the apparent and annual 
mean motion of Saturn was 12° 13' 14", and the Indian tables make it 12° 13' 13" In like 
TnaTiTii.T I finiS that tliG apparent and annual moan motion of Jupiter was, at tliat epoch, 30° 20' 42", 
precisely as in the Indian astronomy.” 

Moreover, I am told hy a Pundit who is somewhat versed in those matters, 
that there is greater reliance to he placed on the ancient Ohinoso writings than 
on the Sanscrit, which latter are represented as heiag disfigured with inter¬ 
polations, forgery, and falsehood 1 On this point authorities dififcr. 

Eclipse op Thales (Oyde I. page 8). Since Mr. Baily devoted his 
talents to this historically and chronologically important eclipse, it has for¬ 
tunately attracted the attention of my valued friend Mr. Airy, who, fully 
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armed in the panoply of modern improvements, advanced to the discussion 
with the research of an antiquary, the zeal of a scholar, and the ability of a 
mathematician. In an essay published in the Pliilosopliical Transactions for 
1863, he has attractively investigated the reported eclipses of Agathoclcs, Xerxes, 
and Thales, the objects being 

‘to explain the state of lunar astronomy, as bearing on Lho caleulaLlon of distant celij>s('s; to 
employ the eclipse of Agathocles as the cardinal oclipao from wliicli the lunar cloinonts were to bo 
corrected, in order to obtain certain grounds for coin])iLLjition of the oclipse of ITialos; and to cirect 
that correction in a systematic way, by supposing the place of tlui moou^s node liable to error, and 
exhibiting the cliangc in the path of the shadow os a numerical inuUi])lc of that error ” 

Mr. Baily had arrived at the opinion, that only a total solar ccli])so could 
satisfy the account given by Herodotus, and bo made Agathocles land in the 
Lesser Syrtis, after passing through tho shadow of one; but I afterwards con¬ 
vinced him that the disembarkation must have occurred at tlio Quarries, now 
called Alhowarreali, near Oapo Bon, from a survey which I had made of that 
coast—thereby also confirming tbo statement of Diodorus Siculus, 1. xx. c. i. 
He then expressed dissatisfaction with his Pai)er, and ])roraiHed to return to it 
some day: but that day never camel Alhowarreali was adojitcd as tlio place of 
landing by Mr. Aiiy; though, from various moral and physical causes hearing 
on the question, I could not also agree with him oitlicr in supposing that 
tho crafty Sicilian sailed through the Carthaginian fioct, braved Scylla and 
Oharybdis, bearded the hostile Panormitans, and incurred a lengthy passage 
north of Sicily,—wliile there was a comparatively clear southern route. How¬ 
ever, a supplement to that memoir was road to tho Hoyal Astronomical Society 
in June 1857, in which Mr. Airy states:— 

Scarcely had the paper [^7/e essay above alluded td] biion givem to the pul)lic, when 1 perceived 
that I had done wi’ongly in taeitly assuming all tlio lunar elcinQnt.s to be corrci't, oxe(^[)t the place 
of the node. Mr, Adams published his doubts on the correctness of the received eoellicient of tlie 
moon s secular acceleration; and the alteration which he proposed to make in its value was so large 
as mateiially to derange tlic calculatiojis of ancient eelipHcs. About the Binnc tiino the solar tables 
by MM. Hansen and Olulacn were ixicoivcd in this country, and the ]daces given by them for distant 
agC)S (lilfcied sensibly from those given by Carl ini’s Tables (used in the invcsligutioiiH of 1852). It 
appeared, therefore, that the gi’ound of my former caleulaiions was com})letely taken away.” 
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New computations of cotirse furnislied new results, and certain points of 
geography and military history were cleared from some of the looming Avhich 
had obscured them. After a learned and scientific re-examination of the con¬ 
ditions, to which we refer all astronomical antiquaries, Mr. Airy now brought 
the route of Agathocles to the acmth coast of Sichy, and the eclipse which 
then happened as occurring on August Id, 18’* 40"* {Qreenwicli mean solar 
Ume), B.o. 309. Similar reasonings and elements gave May 28, d”. O'" b.c. 
58d, as the chronological point for the oft-discussed eclipse predicted hy Tlialos. 

The discovbey claimed by Pythagoras (Cycle I. page 10). The Chinese 
records are said to show, so far back as b.o. 1100, that it was known hy Tchon- 
K'nng that the square on the hypothenuse of a right-anglod triangle is equal to 
the sum of the squares on the other two sides: thus anticipating Pythagoras l)y 
upwards of five centuries in the discovery which ho valued at a heoatonil). Still, 
there cannot exist a single doubt of his having brought it to liglit indopeiuhniily. 

The Giealda Tower (Cycle I. page 31). To the mention of Chdsir, or 
Guever, it should have been added, that the invention of Algphra lias boon 
erroneously ascribed to him. Tet not only was ho one of the host astrononuirs 
and chemists of his agej but he must also have boon a good architect; for 
the celebrated Giralda tower, now the belfry of Seville Cathedral, was built 
under his superintendence in 1196, and used as an observatory of the heavens 
—^being perhaps the oldest monument in Christendom consecrated to science. 
So solid is this building, that my old friend Don Sanchez Cerquero* assured 
me it was still quite free from tremors, so that it would boar raewdian instru¬ 
ments, were the upper part adapted to that purpose. It is altogetluu* an 
interesting structure, and those who spared it when they destroyed tlu^ mosqu<^ 

• This officer led a chequered life. He was a liciitenant in the Spanish Navy in 1810, when wu both com¬ 
manded gun-hoats at the siege of Cadiz. He afterwards hecame "Director of the Royal Ohsorvatory of San 
Fernando, near that city, and was thus again in correspondence with me. Finally he sought refnga from ti-ouhle 
and political broils in a Capuchin’s cowl, and died in ISfiO. Ho was an elegant scholar, and well acquainted with 
the Spanish, English, French, Itcdian, and German languages and literature. 
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where the proud catliecbal now stands, not only displayed t«astc, hut also dis¬ 
crimination, in saving an edifice which has been equally useful and ornaniental 
to the city. It towers above all its compeers far and near, and is surmounted 
by the Giralda, a brazen statue of Paitli, wlicnco the tower derives its name, 
for, although it weighs two and a lialf tons, it turjis with the lightest winds. 

Nicholas Copernih (Cycle I. page 37)- Speaking of the ancients, upon 
whom Copernicus based his celestial Jiypothosis, he is represonted as having 
consulted Aristarchus : but in the supplement to the sovoiitli edition of tlu^ 
German Gonversations Lexicon^ art. Astronoriie^ it is stated that CopcnmicuH 
was unacquainted with the opinion of Aristarchus, as related by Avonariiis 
{John S,al)erman^^ the last-mentioned author’s work not having been printed 
till some time afterwards. 

Early Enolisu Soibntieio Worthjbs (Cycle I. page Among the 

names selected in illustration of our claim to jdiilosophical ranlc in the niiddh^ 
ages, we ought to have recollected Hiohard Itolle, a learned Eremite of the 
order of St. Augustine, who, from his long residence at the ])riory about four 
miles from Doncaster—whore lie died in the year 13<li9—was commonly Ccillod 
Richa/rd de Uampole. In describing the joys of heaven in bis Stimulus 
Consciontise,” he gives, as a necessary preliminary, the actual situation of tlun 
celestial abode according to the astronomical theory of that period, based on 
the Ptolemaic system; showing that the “stevrid” and the “ cristallo hovens’’ 
roll around us, and schal never cose til dojnosdny 

“ For if hit sioclo iiovcr ho aliort tinni aiilic, 

All that cs in erthe sclioJd pcrischo and H])illc‘. 

Pirns tcllcth the clerks of chjririe 
Tliat haveth Icrnod of Asii^onoitiye.” 

Eichord describes the seven " planotis that betho aboute us,” and above 
them the stars ever turning round as tJio naUs on a wheel, eacli of thorn in 

« Ou the said page 40, line 13, is a alight typical on'or; 10G8 Ims been printed for I0(i0 ; but it is eorroctud in 
Lhc list wkicli follows. 
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si^e es more than al the erthe.’’ This was a pretty fair estimate for his day; 
and his notion of their distance (apud Sidrac) is certainly more exalted than 
was the demonstration of Leonard Ligges, his junior by two centuries and a 
quarter. But mark our Richard, and note how greatly his weighty rock beats 
the nine-days’ whirling anvil of Hesiod: 

“ And to tlie heghe heven couthe never clerk by eny art 
The space gesse by a tlioiisand part, 

For bit os so beyghe, Sidrac saitli, in bis monying, 

Tliat if a stone were tbero at with beyng 
And were of on bmidred mennos lylling, 

Yut bit scbuld be in down fallyng 
A thousand yore and nouglit one lapse, 

Or that bit mygbt al the bovens passe.” 

Allusion to Hevelitts (Cycle I. page 48). In mentioning the Catalogue 
of 1664 stars, produced by Hevelius, as being inferior to the more modern ones, 
it was rather with the recollection that ho obstinately adhered to tlie use of 
pkmacles in making his observations, than to any deficiency of zeal or skill 
in the observer. He was blind to the advantages of the telescopic sights then 
in use elsewhere, though, when we consider the state of practical astronomy 
in that day, he was really a surprising man; and in aU comparisons of the 
kind De Morgan’s excellent advice should bo borne in mind:— 

“ The reader who is iinaccuBtomcd to tlmik of scientific bistoiy imiy tninsfcr mow. modern 
views to the ci*edit of older systems, and may not be able to Icam that naiues wliicli are now 
unknown to general fame are essential to a siilficicnt view of history; and in liotb llu'se errors he 
may receive some encouragement from many who gugbt to know better, but tlu‘r(! is one siill 
greater error wliicb be will actually learn from the wiitings of die beat historians, uud from the 
conversation of those who arc best quabfied to read the histories: namely, to judges tb(‘ merit and 
demerit of a former ago by tlic comparison of dicir methods with our own, instead td‘ witli the 
methods of those who went before them. No one is so conspicnous a teacher ol* this lolly as 
Delambre, the greatest of astronomical historians; hut the fault is that of his time,. W(' are In the 
midst (let us hope near the cuhnination) of a long reaction consequent upon tlie long period of 
excessive reverence for antiquity. The nineteentli century will he known in history us the most 
uplifted of the self-glorifying centuries; and tliosc of a remote time, to whom the diJlerence between 
the sixteenth and tlie nineteenth centuries will, as viewed li'om a distance, not seem quite so great 
as to us, wdl be amused by our crowing ” 
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Captain Halley (Cycle I. pages 64 and 66). My mention of this veiy 
distinguished philosopher’s being an acting-captain in the Hoyal Navy, has been 
carped at by one more addicted to controversy than to argument, who insists 
that he was only a “ sort of passenger in a hired vessel, for the Paramour 
never belonged to om- Q-ovornment.” His grounds for assertion I know not, 
hut in Chamock’s “History of Marino Architecture”.(vol. ii. page 436) the 
Paramour pink, fifth rate, appears in the list of King William’s fleet. How¬ 
ever, to settle the point beyond idle cUspute, I last year obtained through 
Captain Washington, Hydrographor of the Navy, sufficient proof that Halley 
acted under a Royal Commission, as I have stated; and all tlio details arc 
proved by the following documents, extracted oxiwcssly for me verhalim el 
literatim from the Minute-Books of the Admii'alty.-Pirst, his instructions, 
dated 16th October, 1G08.— 


“mcrcas liiH Majesty liaa heon pleased to lend Ids Pinktlu^ Pavainoiir Idr your ])rowe(liiig with 
her on an expedition to improve the lonnylialge of the Longitude iuid variations of the Coini)asHe, 
wludi sHpp is now completely Mail’d, Stored, and Victualled at hia Majcftty’a (Jliarge for the .-aid 
Expedition: You are thcrelorc herehy ro(|uirod and diivcted to proceed with her aecordin.r t„ (|,<> 
Ibllowing instructions:— ^ 

“ You are to make the bc.st of your way to the Houlluvard oi' the hkjnator, and there t.. olwervi- 
on the East Coast of South America, and the West Coast of Alliica, the variations of the Coi«i>.,sse 

with all the accuracy you can, as also the true situation both in J.ongltude and Latitude of the Ports 
wlicrc you iirrivo. 

“You are likewise to make the like oliservations at as many of the islands in Lhi> seas lietweeii 
the aforesaid Coasts aa yon can (without too much deviation) bring into your Con me; and, if the 
season of tho year permit, you are to stand soc liirr into the South till you discovm- llie Coast of the 
Terra Incognita, supjiosed to lye hetwoon Magolun’s Streights and the C«].e of Go<i<l ll.me, which 
Coast yoii ore cavelully to lay down in its true position. Jn yonr rcLuni home you ai-c to visit the 
English West India Plantations, or as many of them us conveniently you may, and in them make 
Slid ohscrvations as may contribute to lay them downc tmely in tlioir Gcoginiihieall Scituution. 
And 111 all the Oourao of your Voyage you must ho carefull to omit no oppoiiuiiity of notimr the 
variation of the Compasse, of whlcli yon are to keep a Register in your Journall. " 

“ You are, for tho better Icngtlmiug out your Provisions, to put the men under your conimtmd 
when you coino out of tlio Chauiie] to six to lour men’s allowance, assuring them that they shall 
bo punctually pay’d lor tho same at the end of tho voyage. 

“ You are during tho Tcnn of this Voyage to be very carefull in conforming ymu-self to wluib 
IS directed by the Generali Fruited Instnictions luinexcd to your CoiiuniHsion, with regard as well to 
us Majesty s honor, as to the Government of tho 'Shipp imdcr your Gomimuid. And, wlum you 

0 
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rotum to England, you arc to call in at Plyinoutli, and, finding no order tlicro to the ctmtmry, to 
make the best of your 'way to the Dormes, and rcmainc there till further Orders; Giving txs un Ace'’ 
of your anivall.” 

This document, so conclusive of Halley’s full command, is duly signed 
by the Lords of the Admiralty, countersigned by their woll-known Soertdary 
Mr, Burchett, and addressed to “ Captain JEdrmmd Halley, Comnimidcr of His 
Majesty’s Pinh tlie Pa/ramour.” And respecting the mutiny for wliich his lieu¬ 
tenant tvas cashiered, as asserted in the Cycle (I. page 65), a Ml proof is given 
in the order sent by the Admiralty to “ Sir Cloudcsley Shovell, Knl. Admiral 
of the Blewe, Downesy This is an exact copy of that document:— 

“ Whereas wee have roc'’ a Letter Irom Capt" Halley, Coinaud'’ of his Majewtie’s Viwll the 
Paramour Pink, complaining of Lieut, llaiaison, tlic ofliccr which acta as mute and Lieut, of tlu* 
said Pink, a Copy'whereof comes inclosed, which complaint Wee think fitting should be iu([uired 
into at a Court Martudl upon her arrival in the Downes: You are therefim! hereby r<‘(|uii’e(I and 
dii’cctcd to cause the same to be strictly uiquircd into and tryod at a Court Martiall accordingly, for 
liolding whereof you are empowered by our late Warrant to you. 

“ And, when the Coui’t Martiall shall be o'ver, you are to order the Coinauder of I, he said I*ink 
lorth-with to ropairo with lior to Long-reach, and there hasten the putting asluiix^ lu'r Guns, Stores, 
and Provisions, and from thence to proceed to Deptford, where she is to l)e paid off and laid up. 

“ Dated &c. the 29th of Juno ’99. Bit r DOE WATER. 

I-lAVEaSIlAM. 

Robert Rich. 

“ By command, &c. GnoitOB llooKE. 

JosiAii BuitouETT.” David Mjtcjiield. 

By the Paramour’s being paid off after the ringleader of tlio mutiny was 
broke, an opportunity was afforded of getting rid of all her malcontents; but, 
so far from being “ laid up,” she was again placed under Halley’s command, 
and in September of the same year, 1699, he proceeded a second time on the 
mission of Magnetism, Longitude, and Maritime Discovery. No doubt then 
can possibly remain of his naval commission; but the above cvidonco may b(i 
clinched, and the value of Halley’s scientific acquirements shown, by another 
official document, which the Admiralty sent him when ho had completed his 
Atlantic voyage:— 

“ Wliercaa his Majesty’s Pink the Paramour is particularly fitted out and Putt under your 
Command that you may proceed with her and observe the course of the lydcs in tlu! aiimiudl of 
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ta*ype,ui™j„ddi«=tel to ptooeed 

the ^Id Tcsacll, and use your utmost erne and Diligence in observe tlie course of 
, the Sett and Strength of tlie dood and Ebb, and how many feet it flows in as manv and 

nr^lliT*” ‘’'“T “ “Y ”“®“ “ 4= whoh. Aid *e«M ii m.iypk«, J 

oWiTing “““O' *0 to "07 oTrfid i« 

“ 3"” "» *0 “to 40 tmo Wing, of dio IWpoI lio«d Lends on the Engli* Oossl 

Z oZZZZ T r rt" - »*» „yon oon^ay oen &om ide to «d. oi 

the Ohannolh m order to lay downo both coasts traely against one another. 

“ And in case during your being employed on this sendee any other matters may occur unto 
you, ip “’^'•'^ng aird Publishing whereof may tend towai-ds the security of the navigation of the . 
subjects oflus Majesipr, or other princes trading into the ChanneU, you arc to be very careful! in the 
akmg notice Uiereol; dnd when you shall have pei-foimed what seivice you can, with i-elation to 
U.e particid.u-8 bclorc-montioncd, you arc to rctumo with the Ship you command into the River of 
I names, jfivmg us from tune to time an account of yom- Proceedings. . 

“Dabidthis 12 June, 1701. 

Pembeoke. 

David Mitchell. 

“ Ry command &e. J. BmionETT." Geoege Chdechill. 


To Capt" Ecliii^ Holley, 
Coiiid^' of Ills Majesty’s 
Pink the Paramour. 


Tub Eaeth’s Rotation on its Axis (Cycle I. page 63). Since this state¬ 
ment of the impossibility of the Earth’s being in absolute repose was pub¬ 
lished, wc have all been most unexpectedly delighted with a material chamber- 
dornonstration of the diurnal rotation of our globe—an acknowledged fact, yet 
hitliorto baffling to the senses—by my friend M. L6on Eoucanlt. This result 
ol jirofoLind conception, and ingenious experiment, was reduced to easy practice 
by his long pendulum: for, although Laplace did publish the principle iu a few 
words, ho at tho same time stated, that the effect could not be I’endered mani¬ 
fest on account of accompanying phenomena, which would overpower the weak 
iuiluonco of the earth’s rotation. It is true that there is another cause present, 
namely, elliptical motion, which will also make the pendulum’s .plane alter, 
and wo have to jwscertain the amount of eacli. The nature of the elliptical path 
which tho pendulum wUl be found to describe must he used as a correction, 

o2 
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according to its direction and the latitude of the site, to the rate of change 
of plane, and the residue will give the earth’s rotation. Therefore, unless 
this process when applied to the whole cliange in the Pendulum’s plane leaves 
exactly 360° in 24 hours, which is the assumed rate of our rotation, wo 
have not thereby confirmed it. 

In this adaptation M. Poucault has not been allowed to walk the course. 
A claim was started for the Academicians del Oimento, who had made nume¬ 
rous observations on the motions of the pendulum, in and about 1660, but it 
seems that the anomalies which they detected were not supposed to have any 
connection with terrestrial rotation. And in a Paper of the Philoso]>hical 
Transactions for 1742 (No. 468) by the Marquis Poh, in the course of some 
observations oij. a pendulum of a diiferent kind, the author remarks—“ I then 
considered (adopting the hypothesis of the earth’s motion) that in one oscilla¬ 
tion of the pendulum there would not he perfectly described from its centre 
one and the same arc in the same planestill he did not perceive, probably■ from 
the imperfection of his means, how nearly he had gained the truth, for reason¬ 
ing of a higher order, conjoined with the accumulated mathematics of ages, 
require to be called’ in to assist raw phenomena. 

The resulting experiments are based on the principle, that the direction of 
a pendulum’s plane of vibration is not affected by any cosmical motion of 
translation which may be given to its point of suspension; let us thoreforc 
consider ‘an extreme case. If a pendulum, suspended any where so near the 
pole of the earth that the circle around it may be considered a plane, bo put 
in vibration on a plane passing through the pole, this plane, continuing parallel 
to its original direction, as it is carried by the earth’s rotation round the pole, 
win make a varying angle with the line drawn to it, from the new position. 
After having thus gone through a quarter of a revolution, it will make an 
angle of 90° with the line first drawn to the pole, and so on. In confirmation 
of this assertion it will be found, aU else remaining the same, that there will 
be no such effect if the experiment he tried at the equator instead of the pole. 
Now M. Poucault perceived the result which must ensue on the pole’s appearing 



FOUCAirLT’s BXrEUIMENT. 
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to be carried round the plane of the penduluni’a vibration: ho reasoned on the 
resolution of the rotatory motion of any point of the earth’s surface into two 
motions, namely, one round that point, and the other at right angles to the 
former, which would not affect the plane of the pendulum’s vibration, although 
t w*ould do so. IVoll n3,ight eSpriKa Imve burst from Ms lips—for thus 
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with an instrument easily carried from place to place, he has rendered what 
was a perplexing problem now sensible to the eye by our own fireside: since 
the results being the direct effect of terrestrial rotation, they supply a pal¬ 
pable proof of that long-contested motion, without reference to objects beyond 
the limits of our globe. 

A year and a half after the successful exliibition of the pendulum, M. 
Foucault presented to the Academy of Sciences another convenient chamber- 
method of revealing the earth’s rotation, by a mechanical method. The gyro¬ 
scope consists of a veiy thick metalho disc pierced by an axis, the ends of 
which are supported on gymbals in a brass circle, and that is again similaj’ly 
sustained in an outer circle by pivots at right angles with the axis fii’st men¬ 
tioned ; in short like a marine barometer, only that the exterior ring is vsxis- 

pended by a thread without torsion. Wlion th(^ 
heavy metallic disc is made to revolve with gr('at 
velocity, its axis preserves its direction unaltered, 
despite the earth’s rotation, until the disc relaxes 
its speed, and during that interval it is easy to inca- 
sm’e the apparent change owing to the translation 
of the point of suspension. The perfect balancing 
of this instrument however is very difiicult, and so 
much depends on the due adjustment of the screws, 
that it is by no means a proof of the time required for the complete gyration of 
our globe, as the apparent period depends on that adjustment. Nor is it either 
a new apparatus entirely, or a new application of it, as lIi*. Sang of Edinburgh 
fully described and published the one and the other eighteen years ago, although 
the practical accomplishment’ was not carried out for want of funds. 

Moreover, with the exception of some refinements, the gyroscope in its 
present form has been in use during 60 years to illustrate precession, and there 
is stiU in Edinburgh the original instrument presented by Inplacc for that 
purpose to Professor Playfair, whose successor, Sir J. Leslie, used it regularly 
for many years in his Lectures on Natural Philosophy. 
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As far back as 1752 a paper was read by Mr. James Short to the Royal 
Society of London, describing Mr. Serson’s “horizontal top,” which continued 
to spin full half an hour, and whose “ upper side, wMch is polished, about two 
minutes after it was set up, sustained itself in such a manner as to offer a true 
horizontal plane; and that this plane was not disturbed by any motion or 
inclination you give the box in which it is placed, and thoroforo might bo 
proper to be used aboard a ship; by which moans seamen might bo enabled to 
take the altitude of the sun or stars, in order to And their latitude, oven thouch 
they .cannot see the horizon in thick or hazy weather.” But the inventor was 
unfortunately lost in the Victory, 110 guns, before he oouid perfect his labour. 

This experiment was repeated about the year 1820, by our celebrated 
mechanist, Edward Troughton; still, as the supporting pivot partook of iho 
irregular movement of the ship, with other disturbing forces, it proved a 
failure, despite many clover appliances. Accordingly, when I returned to 
England in 1824, on inquiring of ray old friend as to llie result, ho said in 
his usual terse manner, “Ah, I thought I was making a good artilicial horizon, 
but it turned out to bo only a spinning-top I ” * 

son. Professor 0. Piazzi Smyth, being then on his homcwai'd 
voyage from the Capo of Good Hope, imbued with the full importance of 
astronomical observations by ten years’ cxporionco in that obsoi'vatory, tried 
various means of obtaining an artificial horizon at sea, and of eliminating the 
angular motion' of the ship. In 1816 ho made practical acquaintance witli 
Troughton’s fruitless application of rotatory motion to the same purpose. But 
from the year 1860, when he began a course of Lectures on Astronomy in the 
University of Edinburgh, including Navigation, Professor Smyth sot himself to 
work, as a duty, to endeavour to improve the instruments, and to lacilitato the 
use of them. He accordingly, step by step, came to an opposite application to 
that adopted by M. Eoucault, of the rotatory principle, and achieved an appa¬ 
ratus for giving an invariable plane to a platform for astronomical instruments 
to bo used at sea—and a precious boon this would bo to navigation! He 
defines it as his Compotifnd-Jree-revolver-sland, based on the simple dynamical 
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law of the tendency of a body in rotation to retain that movement in th(^ saimi 

plane, if perfectly balanced, irrespective of thc! 
motion of external objects: in other words, that 
a body revolving round one of its axes of pen*- 
manont rotation, free Jrom disturbances, will jn’o- 
serve its plane of rotation unaltenjd.* I subjoin 
a sectional view of this stand,—a liivthor descrip¬ 
tion of which will be found in the invc'ntov’s 
Essay on the Angukir JJ-Uit'iirbaiices of (i'hipn, 
printed in tlio Transactions of tlu^ Iloyal S(!ottish 
Society of Arts (vol. iv. part iv.) 

Tliove has however been no littbi confusion 
in the public mind on this head, by not making 
a proper distinction iM^tweoii the Eoueault gyro¬ 
scope and , Piaz/A Smyth’s Ji’reevwwolvtw-st.and- - 
the former being constructed expressly to show motion in tlu^ rotation of our 
globe,—while the hitter is intended to counteract and luuilraliso' t'very irr(\gular 
disturbance of the ship or other substratum. T’hn Prolbssor, by taking advan¬ 
tage of the permanence of its direction in space which a rotating l>ody strives 
to maintain, enables us to hike the nccossmy observations at sea, iiuh'.poiubint 
of the pitching and rolling and scending and yawing of tlu^ v(!s,s(d amid tlu^ 
waves; and this very important result ho has shown to ho praidicable in his 
paper entitled “Experience’s with a Frca-lievolvcr-dund for o Trlrarojia <il 
Seaf made duiing a voyage to TencrilTo in the summer of IHob. lie had 
the satisfaction of being the first man who in a troubled sea loolusd through 
a telescope steadied by the same mechanical agency a.s that which prcisc'rvos 



Sir John HerBolwl, iu hia Outlines of Astronomy (1858), doHcrihcfl an ulofjfunt cxporiiiuint with nu IH-inch 
globe, by which the mechanical factjipoii whicli the whole theory Imngs may bo rcn(ler(‘d (»viib*nL 1o Urn Hennefl:— 
if the globe be taken out of its wooden stand, and held with both hands by tbo ])1‘iihs meridiun in a horizontal 
position, no additional otTort is required, though tho globe be spun rapidly on its axis, until an endmivour ih made 
to change tho direction of tho axis, when a cousiderablo rcsiatanco will be felt. Thm was sucoeisHfully proved on 
my visit to Mr. Tsaao Fletcher, at Tarn Hank, Cumberland, in the saino year. 
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the constancy of the direction of the earth’s axis in si)acG. But lot him speak 
for himself:— 

“ Having perfomod these adjustments, and hrouglit tlic lioviKonol’tlio sea into the Held of view, 
I was delighted to find it remain there, absolutely uuinflucme-wl by the rolling and pitching of tlie 
yacht; nay it even remained hisecte<l on tlie wire, Hufficioutly long for the eaplain, die, limt and 
second mates, and several of the sailors to look in and bear witness of tho facst. 'I’hcy saw this 
consummation long desired at sen, and tlicy took kindly to the instrunnait, thougli it was an inno¬ 
vation on nautical practice. 

In order to perfect the balance ol some parts of the machint!, which had left its maker’s slio]) 
ratlicr unfinished, T kept the sailors for several days working tho driving wheels whil<> I was e.v[)(>- 
nmentmg; they laboured at them with enthusiasm, indeed rather too much so, for one imfortunalc 
evening, when tho instrument was so nearly perfect, that 1 Jioped in tl.e course of tho night I,, 
essay the grand nautical problem of obsciwing an eclipse of one of .Fiipiter’s sal<-lliU'S, the wiiloi-s, 
impatient of gcUing np immodialoly ibc full speed, clapped on a roiic to tlio luuulhi of tlui driving 
wheel, and pulled away in such stylo, that they twisK-d tho strong steel driving axici in two, and 
wore themselves laid Hat along tho deck.” 

Moreovei*, that it may not appear to he loft a otie-sidod argument, I will here 
subjoin a passage from tlio Astronomer Royal’s Report addressed to tlui Admi. 
ralty, in answer to tho Council of the Royal Scottish Society of Arts 

‘ On tho general principle I have to remark that it is theovetieally eoiwet. Jn the ajijdicuilimi, 
various small practical difficulties have beem met and (ivci-conio. The aj.paratiiH has hcoii tvic(| by 
Professor Smyth m his voyage to Tcnoriire in a small ship; and as tost of steiulincsH, a telcseonc 
carried by the platform was directed to the sea horizon, and a wint in the field of view was bronghl. 
to the horizon while the ship was in violent motion. From my acqunliiUiiice with the ihcory^of 
the constRution, and from tlie experience I have laid in handling the models first made (which 
when the (ly-whcel is in rapid rotation resist all eluingo of inclination with u perliniicity wliicli 
apponns magical,) I do not doubt that this statement is strictly aceiinitc. 

“ I attach little impoi-tanco to tho mechanical difficulty which I liave marked li. (i/a? iipi»waln» 

bmg aJme the ship’s centre of gravity): 1 have no doubt tliat easy and incxiicnsivo trials ol'npparatus 
will master it. u • 

‘‘ It will imrlmps be necessary for supidying the want marked a {me(m o/ofisemng altUiu/es mt/i 
an invisible hoinzon), and will certainly he neimsury lor h (imng the azinmUi-oompass), tmdeiobsm- 
ing Jupiter’s salell^s), iJiat numns shmdd ho contrived Ibr ooimU'mclmg the yawing movement of 
the ship. It IS sufficiently obvious tliat adopting a repetition of tho same prineiific hut in a dillercnl 
form, a fly-whccl whose plane is vertical, may he used to chock the iiTogulavitics of horizontal yaw¬ 
ing. I am informed hy Professor Smydi Uiat hohastriodthcoomhimitionofhorizonUilily-AvhecI and 

vertical ny-whecl in model, md has found it to answer quite well, hut it has not yet hcen tried at W'u.” 
Nor is tliis all, for in the Essay alluded to above on tbo “Angulaa* Bisturb- 

D 
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ances of Ships” there is actually , a sectional elevation of a Presmi'e-tskmd, 
which may presently appear, and thereon is a gentleman sitting as comroi*1.al)ly 
at his telescope as he would he on shore. This would he real progi'oss n.l‘t<n‘ 
all the marine-chairs, swiaging-tahles, and other pendulum-atic modilieatious 
that have successively been tried and proved worthless: while the very vision o(‘ 
such future facilitations in nautical astronomy, induces the thought that J 
hetook myself to sea-life a century too soon. 

Recent oultivatoks oe Science (Cycle I. page 08). The voiy s])l('iudid 
muster-roU which is there given of the Newtonian School, being still consi¬ 
dered rather deficient, we will now supply the following authors, as having 
borne a distinguished part in the successCul pursuit of Icnowledgc; and, as 
before, will append a note of their principal works. My former list oxt(‘.n(l(*d IVotn 
the death of Newton in 1727, to the year 18di0, since which date tln^ haiul of 
death has dealt some heavy blows on the scientific circle; for besides a nunun-ous 
corps of meritorious though rcai’-rank votaries, who have fallen viciims io tin? 
“ I’d] Serjeant,” the grave has closed over a goodly array of loaders, (l<*.])riving me 
of many valued comrades and correspondents. Proceed we then to tins additional 
enumeration. 

1728. Ecysicau, Mathematician. Analyse demontrie. Science du Caloul des Orandeurs. 

- Daniel, a Uamed French Newtonian. The World of Descartes; a satirical confuialion of the 

Cartesian Philosophy. 

1731. Taylor, Brook, Mii/iamaiician. Centre of Oscillation. Solution of the Pt'oblews of .l>e Moinr. 

and Leihnita. The celebrated Theorem which hears his name. I'ersjiectwe. 

1732. Fcuillde, Mathematician, Astronomer, and Botanist. Observations Physiques. Rcsearcltcs and 

operations in Geography and Navigation. 

1736. SdSaxoTMdit, Phibsophwal Esirpimmerd&'. Dissertation on Theimometers. Specific Gravity of 
Bodies. Gi-aduation of a standard Thermo-scale. 

1739. Saundorson, the blind Professor of Mathematics at Cambridge. Treatise on Fhusions. Ex¬ 

planations of the Newtonian Philosophy, 

1740. Kirch, Astronomer. On Comets; OecuUations of Venus and Mars; and on new Stars, 

1741. (iravesande, Mathematician. The Newtonian Philosophy. Elements of Algebra, and other 

Worhs, Construction of Pneumatical Engines. 

1744. Boighton, JfaiAemafe'ciara. Improvements in the Barometer. Tables for Surveying. 

—— Desaguliers, Expemmetital Philosopher. The Newtonian System. Catoptrics. Dioptrics. 
Electricity. Mathematical Elements of Moral Philosophy. 
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1748, 

1749, 

1750, 


1751, 


1752, 

1753, 

1754, 


1758. 

1760. 


1761. 

1765. 

1766. 

1767. 

1768. 


1769. 


1771. 


1772. 

1773. 


BomouUi, John. On the Elliptical Figure of the Planets. Recudl pour lea Aatronomes. 

Jonos, William, Mathematical Navigator. Palmariorum MaAeseos. Quadratris: to the 
Circle. The Relationa of Goniometrical Lines, ^-c. 

Cvousaz, Mathematician. Gdometrie des Lignea et dea Surfaces ReetUignea et Circulaires. 

Bilhngfcr, PhUoaopher. Elementa Physkea. Be Speculo Archimedis. 

d\mn, Mailiemaikian. Fluaiions. BisUnet and Indistinct Vision. Befence of the Newtonians. 

Uobins, Mathematical Engineer. Certainly of Newton's method of Fluxions. Treatise on 
Quadratures. Theory of Motion. New Pnndpka of Gunnery. 

Machiii, Astronomer. Laws of the Moon’s Motion. On the Curve described by a descending 
Body, Various essays on Philosophical Inquiry. 

Cl tuiici, Giibiiol, Mathematician. Theory of Curved lines. Elementa Universes Matheseos, 

Borkclcy, Bidiop. A new Theory of Vision. Befence of Free-lhinling in MathemaUes. 

Voikos, Physicist ami AnUejuary. On Mioroaeopes. On Moch Suns. The Aurora Borealis. 

Wolle, Philosophei, Be A igoriihmo infinitesimedi differenliali, Elementa Matheseos Uni- 
veraiv. . I ssodate in the A eta Eruditoinm. Aerometry. 

Nicole, MaUiematician. Calculus of Finite Differences. Irreducible Case in Cubic Equations. 

Oiitlyu, Mathematician. Calculations of the Transit of Mercury, Obseiwations of a Lunar 
Eclipse. Various sdentijic Essays. 

Culsou, Mathematician. Fluxions and Infinite Series. Negative-Affirmative Arithmetic. 

Ilayos, 1 hiloaopher. Fluxions. Conic Sections. The Moon- Chronology. Longitude. 

Mussclienbroeck, Physicist. Magnetism. Natural Philosophy. Elementorum Physico-Mathe- 
maUcoTwni. Comp&iidium Physicrc Experiynmtalia. 

(70i*sini, lidward, Matlimiatician and Antiquary. Geometrical Elementa, FJiilosophicaf 
Inatiixitiona, A Course of Metaphysics. 

Aiiich, Peter, Qeomettician^ Chorogvaplier^ and Mecha}dcian. 

Abiiuzit, a friend and correspondent of Newton, General Physics. On Music. 

Ijiwle, Astronomer. Memoirs on Astronomy^ Geography^ and Physics. On Jupiter s Satellites, 

biinsou, Math&tnaticiaii, Sectionum Couicarum, Editwn of Euclid. On Porisms. 

SiTfiitli, R. The Philosophy of Musical Sounds. AsUmomy, A Complete System of Optics. 

btoiic, Mathematician, Method of Fluxions. Conic Sections, Figure and Magnitude of the 
Earth. Parallaxes. The Elements of Euclid. 

AuLcroelio. Nautical Astronomy. Trials of Le Rof s Time-heepers, Astronomical Tables^ ^c. 

ChiiidncH, Due de, Astronomer and Math&matician. On the distance of Arcturus from the 
Sun’s limb at the Summer solstice. Imp^'o'oements in Chemistry. 

Optician Improver of Telescopes and Microscopes. A six foot reflector to equal a 
refractor 150 feet long. Constructor of an Astronomical Pendulum. 

Bevis, trolm, Astronom&i\ Lmiar and Sohr Eclipses. Venus, Mercury, Moon, <^'c. 

Rowiiing, Mathematician. The Fluxionary Method. Moots of Equations, Mathematical 
Eemomtroitiom, System of Natural and Experimental Philosophy. 

llutlicrrord, Natural Philosopher* Mechanics, Optics, Hydrostatics. Astronomy. 

Oiuiton, Physicist, Eleciiical Experiments, Artificial Magnets. Transit of Venus in 1761. 

J imii, G. Mathematidan. Hydrography. Measurement of the base-line hi South America. 

D 2 
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1773. DimtliOTue, Sdence and Mechaiiios* Naufi(^l Aslrcmoifriy. On the Accclsvaiion of the Aloon, 
Motiom of Jujdter'^s Satellites, 

_ Riccati, the Geometer of Treviso, On the Integral Calculm, and other Mathematical Treatws, 

1776 . Lccclii, Mathematician, Arithmetica Universalis Isaad Nmton, Geometri] and IhjdrostaLics. 
_Robertson, Mathematician. Laio of Motimi. Conic Sections, Newtonian rhilosophy. A;&- 

ments of Navigation. 

1777 . Beninda Lawi’cnco, General J^hUosophy. Theoria Electricitatis. Astronomy and Jllaiheinatics, 
-Ziiuotti, Mathematician. Paralolic Orhit for the Comei of 1739, History of the Bologna 

Lnstituie, Mhcellaneous Essays on Sdence and Literature, 

1778. Biissi, Signora Laura, .Professor of Experimental Phy,ncs in the University of Bologna. 

1779. Aclclbumer, Mathematician, Commercium lAtcrarinm ad Astrononiia^ 

- AVintlirup, of New Englaiicl, Transits of Mercury, Comets and Eclip>scs, hartluiuakcs. 

Transit of Venus^ 1761. 

1781. TotcIH, Professor of Yerona^ whose collected Works of Archimedes were printed at Oxford in 

1792. Bo Nthilo Geometrico. 

1782. Emerson, MathmuUidan. Treatise on Mechanics, Maihmiatical Besearches. 

-D’Auville, Eminent in ancient and, Qnodem Geography, On the Figaro, of the luirtli, 

-Hell, Max. Astronomy^ Physics, and Mechanics. Observations on the Transit oj I enns, 1769. 

-Martin, Benjiiiiiin, Optician. On the Newtonian Philosophy. Enpcvimcidal Physndogy, 

Mathematical Institutions. 

-Toto, Della, Professor of Mathematics. Elementa Phydea. Microscopical Instruments, 

1783. Bczoiit, Malhemaiidau. Theory of Algebraic Eguations. Nautical Astronomy. 

1785. Stewart, Mathemabidan. Solution of Keplev^s J^roldem. Solar Bistance, J arious Phy¬ 

sical and Sdenbific Tracts. 

-Witclioll, Practical Astronomer. On Lunar Observations. The Shadow of a Prolate Spheroid 

on a Plane. A ineihod, of charing the Bwnar Bistance. 

1786. Wriglit (of Diu’luini). Pannauticon. Claves Cadestis, Hypothesis of the Universe. 

- Ooodrlckc, Practiced Astronomer. Observations of Occuliations and Eclipses, Various 

Hcienbific Papers, 

- Wilson, A., Astronomer. The Transit of Venus in 1769. On Solar Spots. On the adapta¬ 
tion of Cross-wires in Telescopes. 

1788. Voltaire, of the Sdeniim Amalorcs. Riponse tx toutes les Objections Principales, faites eu 

France contve la Philosophie de Newton. 

- Whiteliurst, Physidst and Enghieer, On the true Length of Pendulums. PhilosopIdcaL and 

Mathematical IVacts. Invaidahle measures of Length, Capacity, aial Weight. 

1789. Belgrudo, Practiced in Mailmnatics, Physics, Astronomy, and Ge.ogvajdiy. 

- Benvenuto, Carlo, Promoter of the Newiotiian Philosophy. Sy7L02)8is l^hysiae General is. 

1790. Magelhacns, Physidst. Experiments in Natural Philosophy and JSlechanios. 

- Uslier, Practical Astronomer, Birector of the Dublin Observatory. On Eclipses. Improve¬ 
ments in Instruments. 

-Landen, Mathematician. On Curvilinear Areas. Summation of Converging Series. The 

Solar Distance. Calculation of Fluents. Motion of the Equinoxes. 
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1790. Franklin, Philosopher, Researches on Electricity, On Light and Heat, Meteorology, Animal 

Magnetism, Improvements in Printing, 

1791. Fixliuilbncr, Astronomer and Matlmiatician. Meridianus Spemlce Astron, Decenniim 

Astronomimm, Observations for the Tables of Mercury, 

1794. Wallot, Professor. Maihemaiicallnvestigations, On Chronometric Arcs^ ^c. 

-AudiSredi, Astronomer and Mathematician, Phenomena Celestia Observata, ^-c, 

-Du Sejour, l3io3ns, Astroiiomer, Rechevches sur la Gnomonique et les Ritrogradatiom des 

PlanUes, Trniid Analytiqne des Mouveme^is apparens des Corps Cilestes, 

1795. Ulloa, Antonio, ASt'w/tcfl awd/ Physics, Mensuration of a Degree m Peru, Entreteiiimientos 

Physico-Historicos soh'O America, 

1796. Eifctonliousc, Mathematics^ Magueiisyn^ Optics^ Astroiiomy, A Collimator. On Timepieces, 
- Vnndcmaonde, Practical Mathematician. Elimination of unknoion QuantiMes in Algebra, 

1797. 'Jltiiis, of Wittemberg, Proposer of the empirical Astronomical Scheme^ since known as Bode's 

Law of Planetary Distances, 

1798. Callet, J. F. Mathematician, Tables of Logarithms, Telegraphic Language^ ^c, 

-Donne, B., Matheynaiician, Natural and Eioperimental Philosophy, British Mariner^s 

Assistant, Mechanical Geometry, 

~— Waring, CambvidAjG Professor, On Infinite Series, On Centripetal Forces, Resolution of 
Attractive Powers, ]\[i8cellanea Analylica, 

1799. Agnesi, Signora JVJiiria, iiaiuod the Walking J^olyglot.* Propositior^es Philosophical, Istitii- 

zioni Analitiche. Essays in Geometry and Speculative Philosophy, 

1800. Barrington, Dailies, of the Scieniiw Amatores. An Essay on Horology, Geographical Re~ 

searches. Natural IlisLory, On Climates^ ^‘c. 

-Kastner, Mathematician, Mechayiics and Hydrodynamics, History of Maihmiatics and 

the Higher Geometry, Essays on Pure and Practical Science, 

-Young, M., Philosopher, Quadrature of Simple Curves, Sounds. Equinoxes, Spheidcal 

Errors in Object-glasses, 

1801. Sylvabelle, Astronomer, Observations on Jupiter^s Satellites, The Tramit of Venus in 1782. 
-Tricsnccker, Various Mathematical Essays. Compiler and Publisher of the Vienna Ephe- 

merides. On Chronological Investigations. 

1802. ^pinus, Physicist, Inquiries in Pliwnomena, Teniamen theorice Electridtabia et Alagnetisimi. 
-Darq^uicr, a jmictical Astronomer, On the Georgium Sidiis, Observations Astronooniques, ^c. 

1803. Jackson, of Exeter, Musician and Physicist, On Planetary Orbits. Philosophical Letters. 

Theory of Music, Present State of Music in London, 

1804. Kant, Philosopher, Theory of the Heavens, Metaphysical Principles of Natural Philosophy, 

Mechanical Structure of the Globe, 

-Ewing, Mathematician, Author of Institutes of Anthmetic. Practical Astronomy, A 

practical Discussion of the Doctrine of the Sphere, 


^ This learned and many-tongued lady was Professor of Mathematics in the same University, Bologna, where 
I afterwards found Professor Mezzofante, tlie modern Mithridates (Seethe Cycle, vol. I. page 481-2). Agnesi 
died a Blue Nun, agod 81 years. 
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1804. Priestley, Philosopher, Lirjht mid Colours. Discoveries relatim to Vision. (UinuintL 

Researchm. Electricity. Perspective^ ^c. 

-Pigott, Astronomer. On variable Stars. Comets. Transit of Mercury. The Nebula in 

Comes JBerenicis, Asbwiomical Observations. 

1805. Aiibcvt, Versed in portions of Practical Astronomy. Transit of Venus m 1769. On obUdmny 

Time by equal Altitudes. 

1807. Bernoulli, John, Mathematician^ Astronomer^ and Physicist. Sdefntijtc Travels. Lettres 

Astronomiques. Variom useful cornpilabmis and translations. 

- Gi. Mathematician. Doctrine of the Sphere. O^iLo^ngitude. Treatise on Conic Sections. 

- Edward, a philosophical Antitpuary. Essays on Scientific and ArcJueoloyical MaWrs. 

1808. Cousin, Geometrician. UEtiide de VAstrono^nie Physique. Calcul DiJ}V.renti(d el Calcnl 

Integral. Various scientific dis(]uisitions. 

- Daliyinplo, Hydroyrapher, Scientijic Essays. On Marine Surveying by the Quin-cwvv. 

1809. Barker, TlioiuaB, Philosophical Researches. On Meteoi^s^ Comets^ and Muiatitms of the 

Stars. Treatise on Meteorology. 

1810. Flcurieu, Hydrographer. Nautical Astronomy. Voyage to prove certain Time-pieces.^ 

-Bomaiiowuii, Catherine, Princess of Dasohkoff. Versed in General lAterature. Peesblent 

of the Russian Academy of Sciences. 

1812. Mains, Physicist. Theory of Double Refraction. Refiecled Lujhl. Optical Phenomena. 

1814. A. MathenuUuyian and Mechanician. On the Influence of Gravitation considered 
as a Mechanical Power. 

1815. Nicholson, Mathematician and Chenvist. Essays on and Eosperiments in Electricity. Differ¬ 

ences of Logarithms, Natural Philosophy. 

1816. KSchroter, Astronoiner of all Work. Selenography, and the Planets. Memoirs on Astrono¬ 

mical Discoveries, On Lunar Twilight. Conslitutmi of Mercury, 

-Bios Mendoza, Mathematician. Tables for Navigation and Nautical Astronojuy. Inrenlor 

of an improved Reflecting Circle, 

-ITuddart, Navigator. On Horizontal Refractio^L Improvemmt of Astronomical Instramenls. 

1817. Do Lnc, Physicist, Atmosphencal and Meteorological Researches, On. Pyrometry, flygro- 

metvy^ Electricity, and Galvanism. On Thermomeiric Navigation. 

1819. Williamson, Philosopher. On the Climate of America. Parallax of the Sun. On the Use of 
Comets. On Thermometric Navigation. 

- Milner, Professor of Mathematics. Various Essays on Cliemisti^y, and Natural Philosophy. 

1823. Carnot, Mathematician and Geometer. Rdflexions sur la Mitaphysique du Ctdcul Infmi- 

tdsimal. De la Correlation des figwres de Gdmudbie. 

1824. Masferca, Baron. Researches on Negative Quantities. Scriptoves Logarithmici, 

- Dolby. Mathematical Tracts. The T^igonomebical Canon called General Roifs Theorem. 

1825. Schnhert, On Applied Science. Variom Treatises on Astronenny and Mathematics. 

1827. Beaufoy, Colonel. On the Properties of Air and Fluids. Astronomical and Magnetical 
Obs&i'vations. Jupiter's Satellites. 

1830. Eennell, Major, Geographical Engineet\ Observations on Tides. The Currents of the 
Atlantic Ocean. On the Geography of Herodotus, 
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1831. Gregoire, Bishop, MatlLmmtician. Founder of llie F-mich Board of Longitude. 

1836. Lax, Astronomer. Requisite Tables for Ephem&iides. Afethods of Clearing the Lunttv J)is~ 
tance. On the Divisions of Astronomical Instruments, 

1838. Moll. Astronomical Papers, On the Adjustinent of Weights and Measures^ Britinhy French, 
and Dutch. Spot on Mercury. 

1841. Oacciatore, Assistant and Successor to FiazPt at Palermo. On Comets. GonwmeUuj, On 

Refractions, Chi registeHng and reducing Astronomical Obsmmtiom. 

- Mathematician L Theory of Equations, Elements of Algebra. Evming Anvusemenis. 

1842. Innes (of Ahordecn); Mathematics ami Geometry. Caknlatov of Eclipses, Occultations, amt 

Tides. Various scientific papers. 

- \'Viycj, Geometer. Cubic Efjuations. Att/raciion of Spheroids. Refractions. Jieciilicaiion of 

the Ellipse. Mathematical Discussions. Cometary Orbits, c\'*c. 

1843. Wallace, MathemabiciaoL Geomeirical Poodsms. Quadratui^e of the Conk Sections, On 

Fluxions. Mathematical Essays. 

1844. Baily. Astronomical Cataloyms and Tahles. Eclipse of Thales. Repeater of ike Cavmdish 

Experiment. Phenomena in Eclipses, c^c. 

-Dalton, Mathematician and ChendsL. Meteorological Observations and Essays. Atomic 

Theory, Colours. Density of Water. 

-Henderson, Astronomer. On Cornets. Moon-culminating Stars. Conijiutev of Ovcultatioos. 

Detector of the Parallax of a Cenlauri. 

1845. Cassini IV. Count, Maflw.maticum, The Iasi of the Cassins. IJe died aged 97. 

- Dainoiseau, Baron, Geometer. Elements of Jfallefs Comet. Reseavdws on Satellites of 

Jupiter, Lunar Tables from theory alone, 

-Bessel, Precession of the Equinoxes. Planetaiy Jiriurbations. AstronommfJ 

Observations, Researches, and Reductions. Discovered the Parallax o/6l Cygni. 

1847. Pearson. On Clocks, Time-pieces, and Orreries. Catalogue of Zodiacal Stars. On Astro¬ 

nomical List'fummts. Treatise on Practical Astronomy. 

- Hodgson, General, Surveyor. On Indian Geodesy. Heights of the Himalaya Mountains, cj-c. 

1848. Hersehel, Caroline. Astronomical Observations. Sidereal Catalogues. Comets. Died age^d 97. 
- Taylor, Astronomer. Re-examination of Piazzh Palermo Catalogue at Madras. Experi- 

ments on Invariable Pendulums. 

-De Vico, Astronomer. Spots on Venus. Die Rings of Saturn. Discoverer of six Comets. 

- Goldinghain, Astronomer. Observations made at the Madras Observatory. Scieniifio Papers. 

1849. Trechscl. Die Berne Observations. Sioiss Triangulatim. On Geodesical Operations. 

-Wilcox, Colonel, Director of the Luckno w Obsemmtory, On TrigonometHcal Reductions, ^c. 

1860. Scliuinaclicr, Astronomer. Planetary Ephemerides. Jahrbuchs. Established the Asiroiio- 

mische Nachichten, ^c. 

- Galhraitli. Mathematical and Geodesical Essays. Astronomical and Meteorological 'Tables. 

* - Oerquero, Spanish Naval Officer. Improvements in Nautical Astronomy. Director of Cadiz 

Observatory. Proposer of a new artificial Horizon. 

- Beer, Mathematician and Astronomer. Many years mapping the Moon with Dr. Miidkv. 

Astronomical Communications. 
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1851. Oersted, Physicist Laws of Motion, Physical Investigations and EiVperiments, Liscovery of 

Electro-Magmtism, 

-Bogiislawski. Various Treatises on Practical Astronomy, A difference’-microm.cU.v. Inquiries 

respecting Falling Stars. 

— GiiMowiiY^ Mathematician. On Tngonometrical Sw^eys. On Meteorites^ or Bolides, Be- 
searches on the Sun's Proper Motion hy means of Southern Stars. 

- Goldschmidt, Maihematioian. Finite and Infinite Analysis. Magnetism. (Jalcuhts of Beo- 

hahilities. Various phihsophical papers. 

1852. Colby, General, Director of the Trigonometrical Saroey of the United Khuylom. Sciemtife 

Suggestions in Geodetical Operatioiis. 

- Lockhart, Mathematwian. Various scientific Essays. Numerical Solution of Equations. 

- Dolloiid, George, Optician and Mechanician. Proposer of the spherical crystal Mieeometer^ 

and. Macro-7rdcro4ens. Self-registering JUeieorological Frame.. 

1853. Anigo, Astronomer, Mathematician, aiid Physicist. Popnl^ir Astronomy. Varlou.s Papee.'t 

on Magnetism, Meteorology, Biography, c3v{. 

- Walker, Sears, Mathematician. Versed in Astronomy, Mathematics, Geology, am! Languages, 

- J^avigiic, Geometrician. Wrote various Essays on Optics and general Science, and on some 

hranches of Maihemaiics. 

1854. Jduclcimn, Baron, Director of the. Seehurg Observatory. Monalitchc Covrespoyidcnz. Essays. 
- het(u-sen, Assistant and Snccessov to Schumacher in the Observatory at Altona. 

- Riddle, Maiheniaikian. Navigation and Nautical Astronomy. The DoubhHiUitude, Problem. 

- Manvais. Mathematics and practical Astronomy. On Comets. Scientific Essays. 

1855. (kiiss, Physicist. Disquisitiones Aidihmeticm. Thcovia Mdus. Eicperlmenfs In Mupictism. 

Various Geometrical llieorems. 

- Sheepshanks, Astronomer. Natural Standards of Length and Weight Chrononietric . I res 

of Meridian. On Astroiiomical Insirwnenis. 

1856. Goujon, Geometrician. Maihema.tics applied to J\raclmery and Asirotiomy. 

- Jhcla. General Mathematics. D'iscorerer of the short-pmod. Comet bearing his name. 

-Boechey, Admiral, Geographer and Arctic Voyager, Voyage round the World, On the Tides 

in the British Channel and Severn River. 

1857. (jolla. Practical Astvonomy and Meteorology. Obiavned the "King of DenmarPs gold medal 

for (Kscoveiing a. Comet. 

- Beaufort, Admiral. Versed in all branches of Uyd.rography and Nautical Astronomy, Surrey 

a7id Description of Karamania. 

-Cauchy. Mathematician and Geometer. Polyhed7vns. Fermat's Theorem. Propagatioyi of 

, Waves. Planetary Motions. Versed in pure and practical Mathematies. 

-Owen, Admiral W. F., ffydrographer. Extensive surv&ys of the Coasts of Africa, Lakes of 

Canada, and Bay of Fundy. 

1858. Peacock, (xeorge, Doan oiVXj, Mathematician and Astronomer. Treatise 07 i Algebra. Sta 7 i<l- 

ards of Weight and Measure. Life of T)r. Thomas Young. History of Ariilvmelic, 
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From this register, we turn to the second chapter of the Cycle— 

A GLIMPSE OF THE SOLAR SYSTEM. 

The Solah Spots (Cycle, I. page 86-90). Since my accoxmt of these remark¬ 
able phenomena was pubHahed, much additional matter has como to light 
respecting tlie surface of the mighty centre of our system; for which wo arc 
mostly indebted to the labours of Hcrschel, Sccchi, Schwabo, Dawes, Schmidt, 
and Barral. It seems to me that the discovery of solar spots in 1011, recently 
so contested, should be assigned to the astronomer who first applied optical power 
to them; for assuredly they had been so often scon with the naked eye, as 
to have become proverbial. When citing Kepler on this topic at page 88, I 
ought to have mentioned his summoning Virgil as a witness (G-oor. i. Ml): 

“Ulc ubi niiaucntcm iniiculia vtii*5iivcrit ortuin,” 

And to controvert those who only recognise clouds in spots on the ami’s 
face, the poet adds another significant lino (Gcor. i. 464): 

“ Sin maciila3 incipient ruiolo inmuHccriur igiii.’* 

In the second part of the history of the renowned Knight of La Mancha, 
the humorous Sampson Carrasco comforts Don Quixote as to the bloraishos 
which critics decried in his first narrative, inasmuch as they could only be 
compared to little spots on the bright sun—“sm alemerse d loa atomos del 
Sol clcmssimo de la orha de que murnmran'' Now as this book was licensed 
for publication in 1616, Cervantes must have written it still earlier; and in 
all probability without having hoard of tho discussions on Galileo,* Fabricius, 
and Schoiner. Captain Stanyan, who first recorded the “ fiaming prominences ” 
revealed during total solar eclipses (Cycle, I. page 133), by him called dlood- 
red slreales of %7«^~obsorvcd tho solar spots with his “18-foot glass” in 
the years 1703 and 4, apparently acting by the advice and “ according to the 
rules received Irom Mr. Flamsteed.” In this report, whicli is jirintcd in tho 
xxivth volume of tho Philosophical Transactions, pages 1766 to 1762, he 
mentions his having seen the “doud or misty matter” ipenumhra) which 
surrounded the spots. About a dozen years after, solar maculm may have 
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iDGcome visible to the tmaided eye, so as to form a topic of conversation, 
whence Prior’s quidnuncs of Down Hall are thus alluded to:— 

“ But what did they talk of from morning to noon? 

Why of spots on the Sun, and the man in the Moon.” 

Yet although maculte may long have been seen, then' periodicity watched 
for, and their obvious fitnesis for marking solar rotation made use of, it is 
only very recently that their startling connection with terrestrial magiK'tisiu 
became suspected; and as a wonderful coincidence seems to ho satisliwttovily 
established therein, a mine is sprung, the extent of which ho is a hold imiu 
who win venture to predict, although inductive experience is allowed to jido])! 
the tone of prophecy. Sun-painting, already under such wide and va])id 
improvement, to which wo shall return in the sequel, is one of the marvels 
of the age; but what may we not yet have to say, and that (wo long, on 
the analogies binding earth with the orb of day? 

To proceed. In the important volume of the results of Sir John llcn’sclud’s 
celebrated visit to the Cape of Good Hope, he gives a whole chaider (vii.) to 
observations of the solar spots; with figures which were dolmeatcd IVoni mag¬ 
nified images formed by means of a 7-foot achromatic refractor ujxm pajxir 
pmned on a wooden screen. One of these spots, soon on the 2<.)th of March, 
1837, was a monster indeed, since it occupied an area of nearly five s(iuar(^ 
minutes:* “now a minute in linear dimensions on the sun being 27,500 miles, 
and a square minute 756,000,000, we have hero an area of 3,780,000,000 square 
miles included in one vast region of disturbance, and this requires to be increased 
for the effect of foreshortening.” Of another spot, not the tenth part of the 
preceding one, he proceeds to say—" The black centre of the spot of May 26th 
would have allowed the globe of our earth to drop through it, leaving a thousand 
miles clear of contact on all sides of that tremendous gulf.” This is absolutely 


* I considered that a very compact Bpccimcn liad been selected, when on the 6tli of June, 1828, I iiicimrt'd, 
with a double-wire micrometer, a remarkably black spot, which, without its umbra, was 13,000 miles in diiunctcr; 
as communicated to the United Service Journal for 1829, part I. page 534. 
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astonislung, and we are perplexed between the norschel InuTicanes and cydos 
^d the Carrington enn-ents; bnt the theory of the formation of these areas can’ 
hai’dly be expected to approach certainty while the facts are so few in number, 
and so Umited in character. Novcrtholcss, the practical reasoning of the 
foUowmg passage from the same author, demands the Mlost attention:— 


nnn ^ “'"I''™ ^auBL-—lb,' a vis moirio,, to give rise to racli 

m om .taosplme te„.cte„J metonjogy, i, onougl,ml 

tatmg „l ,t„ Willmnl lUi., all «™Jd bo lm.,c|„il ..„„4b, l(,„, > . J Jl. 

«oo„ ogy wo Imvo „o of oltomj, ,WiL .,,,,1 d ‘™Lr :,, 

'Ho T® ‘‘‘“"''““S •’'» of II. ,d.no,,, ,o,-Io ,l,„i,o 

wZr “"f'r™"”"*” “ ■>>'”-«. “'“I «1'»« ™ o «mIo, m.»f lll/I.ro „*lo 

Within the suu itseh, and it is there we must seek it.” 


By cratinued and close observations of the solar spots for upwards of a 
quarter of a century, M. Schwabo, of Dessau, has proved thou- periodicity, and 
that their number varies considerably at dilfcront epochs; he has also given a 
senes of the years m which he found tliem more or loss plentiful, showing 
that although the maxima and minima are not conclusively settled, yet in 
the observed mcreaso and decrease of the groups, tlicro is suiriciont regularity 
to countenance the theory-hithei-to so vaguc-of their agency on the weather’; 
and the following are his results:—^ 


Year. 

1826 

21 

28 

29 

30 

31 

32 

33 

34 

35 

36 


Groups. 
. 118 
. 161 
. 225 
. 199 
. 190 
. 149 
. 84 

. 33 

. 51 

. 173 
. 272 


Tciir. 

Groups, 

1837 


38 

.282 

39 

.162 

40 

.152 

41 

.102 

42 . 

.58 

43 . 

.34 

44 . 

.62 

45 . 

.114 

46 . 

.167 

47 . 

.257 


Year. 

1848 

49 

50 

51 
62 

53 

54 

55 

56 

57 

58 


Groups. 

. 330 
. 238 
. 186 
. 151 
. 125 
. 117 
. 67 

. 38 

. 34 

. 98 

. 188 


What a lesson is hero afforded to tile working Sdontiio Amatores I UntU 
lately there were many of that corps who like myself were in the habit of garing 

E 2 

















28 


OELESTIAl OTOLB. 


at the black maculae, th,e torchlike faculse, the liglit-emitting luculi, the 
peuumbrae, nuclei, radii, and what not, sometimes drawing, and at others 
measuring, those objects; but, from not adopting a systematic siege, it was 
mostly labour thrown away upon what Delambre branded thus, “ II esl vrai 

J 

qu’elles sont plm atrieuses qm vromnent utiles." Still a conyiction had obtained 
that in constitution the centre of the stm was a dark, and comparatively cool, 
body, encompassed by a thick photosphere, or external coating, with an agitated 
incandescent surface; nevertheless the mine requires working, and amateurs arc 
especially called to the task. I alluded to a method of watcliiiig tho sun at page 
87 of the Cycle, and since then Sir John Herschel has proposed a very oITcctivc 
liehoscope, see his Capo Observations, pp. 436-7. Mr. Dawes has also introduced 
his admirable solar eye-piece, which possesses the advantage of being applicable 
to any existing telescope.* The solar phenomena are therefore more ndthin 
our ken than formerly as to their shape and habits, or successive changes, and 
partially as to their effects; but their physical constitution remains unfathomable, 
Uke the question, whence come the perpetual beams of light and heat of the orb 
itself? Tet these particulars, tho theme of endless plausible cogitations and 
ingenious suggestions without proof, though stiU among the unrevoalcd mysteries 
of nature, may finally submit to unremitting researches. 

For instance, tho solar spots can now be safely pronounced to ho no longer 
an object of idle curiosity, like the casual clouds of our atmosphere. Tho few land¬ 
marks hitherto recorded begin to indicate a regular progress of position in thorn, 
with periodical maxima and minima in their amount. Thus in tho years 1845-46 
the groups of solar spots extended to about 40“ north of the equator, and to 80“ 
south of it, leaving a central blank band from 8“ north to 6“ south. This state 


* The following details from my indefatigable friend’s own pen may be acceptable: “ In my paper to the 
B>.A.S- in 18S2, and published in their Memoirs the next year, I described n solar eye-piece invented by myself, 
and made under my directions by Dollond. lhave constantly employed it on my refractors of 71 and 8 inch 
aperture, and even on Lassoll’s 24-inoh Newtonian with the whole aperture, yet never broke a dark glass even in 
fine weather, and under a power of 500. In January ’62 I observed a spot rotate through an arc of 100° in 
six days, which was the first announcement. For from Secchi’s being the first, his observation was made with 
one of my solar eye-pieces; and in tho Astron. Nach. he acknowledged that he estimated the heat of various 
portions of the sunls disc at my suggestion made in the Monthly Notices of 1861.” 
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or arrangement is now reenmng, with the exception that the preponderance is at 
present on the south side of the equator. In 1863 and 4 the spots wore distributed 
from 20“ north to about 20“ south, decreasing in number till early in the year 
1866, when there was a decided minimum, and the equatorial region vcmaiuod 
clear; but spots appeared in both homi spheres from 20“ to 40”. Their parallols 
are already again contracting. 

So much for their position, and now for the motion. Their daily drift in 
longitude reveals a general equatorial current 30“ in breadth in the direction of 
the rotation, and a reverse current of nearly the same breadth is perceptible 
beyond it in each hemisphere. 

In the foregoing details we are greatly indebted to Mr. Carrington of 
Redhill; but now we must turn to Major-General Sabine, with thanks for the 
light that he has shed on the mysterious correspondence between the solar and 
the terrestrial magnetic disturbances; for a decennial period is therein indicated, 

, as woU as another connected with tho earth’s orbit, which brings us to the 
present wondrous result of well-directed investigation. 

No branch of science has sprung forward with more true bearings in 
theory and experiment than terrestrial magnetism, since tho impulse given to 
it by my valued and venerable friend, Baron von Humboldt, m 1830, followed 
up by the skill of a battalion of zealous inquirers led on by Gauss, Hanstoon, 
Weber, Sabine, Erman, Arago, KupfTcr, and others. Tho.Gormans found the 
disturbances and consequent fluctuations of their declmation-m 3 .^Qt^ contempo¬ 
raneous in all their stations, yet the deflections at some other distant observa¬ 
tories differed inter se, and from the European, even after due allowance had been 
made for the local antagonistic force of the earth, although they agreed in time. 

The British Colonial establishments in both hemispheres were therefore 
directed to investigate the laws of the magnetic decimation, molmation, and 
intensity, carefully eliminating the effects of occasional disturbances. Then, to 
discover tho unknown causes of disagreement, it was determined first to analyse 
the experiences of single stations separately, and follow up any symptom of 
periodicity or laws in the phenomena. Wo are not now about to treat of the 
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isoclinal, isogonal, and isodynamic lines of onr magnetic system, or its niysicn-ions 
perturbations, albeit I am gratified at seeing the harvest which is rcwiilting 
from measures emanating from the line of conduct recommended by the Oouncil 
to which. I belonged; suffice it here to allude to the recent rcvcdalioii of 
the prevalence of a principle which may yet prove, though not so invaj'iabh', 
yet equally coextensive with gravitation. 

The unvarying atom (if wo may borrow the term from chonusiry) is the 
mean solar day as to time, but the increase of each of the three magnetic 
elements is subject to a different code of laws to what the decr('as(\ is, and 
these six codes moreover are found to differ at each station. Tlio hourly 
deflection in decimation through the solar clay, may be sirapltfiod by remarking, 
that this effect is much weaker in the night than in the day. It inc.buh's 
several minor variations, yet all influenced by the hour: thus in tlu^ uoi'iluu’u 
hemisphere, the utmost easterly deflection occurs early in the Jbremoon, ami 
the utmost westerly in the afternoon; wdiilst nearly the contrary obtains in 
the southern. Then as to amouut, it is zero at the magnetic (upiator, increasing 
towards the middle latitudes, both north and south. An additional d(^])(*n(l('.n(!o 
on the sun’s position is rcvoalod by an increase of tho a])ovo deflection at the 
summer solstice on our side of tlio equator; and at tho winter solsf,i(!(5 on the 
south side. And, what is still more in the argument, the magnetic CKpiatorial 
line varies daily except at tho equinoxes. 

The daily dependence of magnetic intensity on the solar altitude', had long 
been Icnown and recorded; but about eight years ago, M. Lament, of Munich, 
announced that this patent variation was liable to another winch indicatcul a 
period of ten years: and this was shortly after fully confirmed by (leuioral 
Sabine, from a rigorous discussion of the observations made at the far distant 
magnetic stations of Toronto and Hobarton. In tho conrso of those ope'vations, 
the G-eneral detected another important concomitancy wbicli had osca])ed Tjaraont, 
namely, that the periods of maximum variation in the needle correspond with 
those of the maximum abundance of solar spots, and vice versd. Hardly had 
this astonishing announcement been made, when intolligonco arrived that Pro- 
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fessor Gautier of Geneva, and Professor WolfI' oJ* Berne, liad coino to tlio same 
decision, and independently of each other, from a perusal of Lament’s 
inferences. This recognition of the coincidences in solar and magnetic periods 
iFas very exciting, as a proof of their cosmical ahinity, and still more so on 
considering the conclusion arrived at by my persevering friend Sabine, namely, 
that “in both our hemispheres, the period when tlio intensity of the earth’s 
magnetic force is greatest, and the needle most nearly vortical, is from October 
to February, which is just the season when the earth is nearest to the smi, 
and is moving with the greatest velocity in its orbit.” Hence when Mr. 
Carrington sent mo a graduation of the respective solar tmd magnetic curves 
in decennial periods, clearly showing the reciprocity of emotion between tl.o 
sun and earth, I could not but contrast their importance with the boasted 
curves visum effugienies —of Apelles and Protogones. 

But although this wonderful result ivas so contemporaneously ominciatcd. 
General Sabine lias distinctly shewn the relative priority of the three by bis 
Paper read to the Boyal Society in March 1852, and published in the PJiilo- 
sophical Transactions: he had, moreover, told mo of it previously. He is 
following the matter up with avidity, and lately wrote to mo thus : 


“ T suppose that you have got your Phil. Trans, lor 18.16. In urthde xv. you will fiiul imotluM- 
p-apor Irom me lu continuation of that of Mnrcli 18.1^; and in nvtiele i. of 18.17-a copy of which 
you shall have, if the printer ho a true man, early next week—you will find a tliird, sliowing by 
the analysts of eight yoai-s of hourly declination ^-ohsorvations at lluh.u'lou, the exisUnicc of the 
tlcecmual ])cviod in the solar magnetic variations, luul its non-exislonee in llic luniir maiiucLic 

“ Ihe good old man at Berlin {IIumUMl) was amongst the very iirat to rocoguiso tlio imporUuici* 
of the connection hetwoon the magnetic variations and the solar spots; and he lias taken tlu> „ains 
in a note to page 200 of the IVth vohunc of Cosmos, to state veiy positively the priority of mv 
paper over die publications of Wolf and Gautier. Wolf has recently anuouueed Ins discovery cT 
an tuiiiiuil period ol the solar qiotR, which ho says accords with my deduction ol’iin aiiniml iwrioll in 
the magnetic disturhnncos. Tliis puzzles mo greatly. 1 can cpiitc well understand that the magnetic 


* As a sailor, I again olijuct to tiiis use of u word so iimneinorially iisurt as Lulonging to tho sun. 
the iieodlo may thdim, but uomcnclators ought to have introducdd a term for this variation without’ 
the practice of the navigator. Dbcuhation is in sound use among Seamen. 


U in Irut* 
poacliing on 
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disturbances may be duo and dependent on the solar spots in some way; and that the alTections of 
the earth, though duo primarily to the sun, may have a subordinate aflcction produced by the earth’s 
annual revolution round the sun. But how tho earth’s revolution can influence ihc solar spots is a 
puzzle: so, as yet, is tire mode in which the lunar magnetic variation is produced by tho moon. 
But the greatest puzzle of all is, tiro terrestrial secular magnetic chtmge, knowing, as wo now do, 
that a precise aliquot portion of tire annual amount of cliangc takes place in every week o( tho year— 
a change as regular as your observatory clock, and yet having no traceable connection with any 
other phenomena either terrestrial or cosmical.” 

Now if it should prove that this uulooked for coincidence of the decennial 
laws of frequency with the solar spots and the magnetic disturbance aro not 
accidental, we may next ask whether the sun does not act as a magnet, or 
electro-magnet, and whether the currents thereby developed aro within its 
atmosphere? If so, my friend Allan Broun’s scone opens,—as tho said spots 
may be disruptions of that current, due to the planetary positions with reference 
to tho solar equator 1 Knowledge, however, has not yet advanced sulliciently 
to yield correct ideas of the effects of magnetic action, gases, volatili/ing 
materials, pressure, and other physical liabilities on or beneath tho sun’s surlhce. 
But this is treading on hot ashes; for tho very admission of magnetism and 
electricity as agents in our sidereal system, will alarm tho moderados in 
cosmogony, and philosophists in general. 

On Solar Eclipses (Cycle, I. page 138 to 143). Tho advantages ofTered 
to physical inquiry hy total solar eclipses, has boon strongly manilbslod since 
the publication of my remarks; and especially hy that of July 1851, which 
was systematically observed hy English, Erench, Gorman, and llussiau astro¬ 
nomers. The several phenomena were duly watched, and tho beautiful luminous 
ring, called the Corona, from its radiating striae, reminded tho Astronomer- 
Royal of the ornament usually engraved round a mariner’s compass-card. 
Nor can there he now any reasonable doubt of its pertaining to tho sun itself, 
or that it is rendered visible by the interposition of the moon. 

With reference to the red prominences cited at page 133 of the Cycle, there 
are traces of them also in the observations of Short, Ulloa, Eerror, and Van 
Swinden. In 1706, Elamsteed attributed them to the moon’s having an at- 
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mosphere; and the mind of B. VasseniuB received a similar impression while 
he was observing the eclipse of the sun in 1*733:— 

“ At the time when the cntiic sun was covered,” says the Swedisli astronomer, “ I saw, 
besides the greater part of the markings in the disc, the atnioqjherc of the inonu, through ti 
telescope of 21 feet; and observed it on the western limb of the moon, at the period of greatest 
immersion, a little brighter; and yet without the irregularity and inequality of llu; luminous rays, 
which affected the eyes of those who observed it without a tclcscoijo. Highly worthy, not only of 
the admii-ation hut also of the judiciary opinion of the most illustrioixs lloyal Society, aiipcavcd to 
he certnin reddish spots in it (suh^ubicundcB nonnullcB macula! in ilia—that is, in the lunar atmo¬ 
sphere), three or four in number, which were seen oulsido the luiiiu’ disc; one among which was 
larger than the rest, occupying about the middle spaco between the soutli nud the west, os near as 
one could judge.” (Philosophical Transactions, vol. xxxviii. ])ago 135.) 

Hence it is evident that Vasseiiius was of opinion, that the anomalous 
Hglit which he perceived was actually the atmosphere of tho moon. Tho eclipse 
of 1842 was useful in reviving this subject, although tho observers, having 
forgotten or overlooked oxistiug records, were taken hy surinizc, thus proving 
Bacon’s remark on discoveries which may result from not reading. Bxit this 
did not prevent a recognition of tho physical fact of ixrotuhorancos around 
the' solar periphery, though the being thus taken aback was tho cause of the 
gazers having neglected instrumental moans to probe tho nature of those strange 
appearances. Beautiful drawings however wore made, tho fact was fully con¬ 
firmed, and the prominences raised in importance as part and parcel of tho 
solar orb. The Astronomor-Eioyal seems to liavo been tho first to dismiss 
the notion of their being lunar projections; assuring me that ho considered 
them to belong to the sun, and, if so, they must he mountains, or masses of 
flame, upwards of twenty or thirty thousand miles high. 

At length the great ocliixso of 1851 approached, when a numerous band 
of qualified observers repaired to selected posts. The mystic protuberances had 
been till then chiefly believed to bo conical in shape, but they now appeared in 
somewhat different forms to different people: thus Airy describes one as resem¬ 
bling an Australian boomerang ; Mr. Dawes compares it to a Turkish scimetar; 
Mr. Carrington calls it a curve or bow of light; and several thought it like a 
sickle: the drawings therefore in tho Monthly Notices of the Boyal Astro- 
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noiuiccil Society open a singular field. Tlie Council of that Society consider it 
to be decisively proved, that these phenomena belong to the sun, because 
the protuberances that were observed on the eastern limb became quickly 
hidden, while others sprang up on the western limb; that is, they weio 
respectively covered and revealed on the eastern and western limbs of the sun 
by the advancing moon.’* This, however plausible, is not conclusive j tlu'. 
case being still beset with various difficulties, for much ot the aiguiucnt is 
rather ingenious assumption than proof. Being thus in a Jix in this 
matter, I last yoar wrote to Mr. Any, begging to know whether any alttu’ation 
had taken place in his opinion respecting those evanescent lights, and, in his 
obliguigly prompt reply, he said, I have nothing more to say aliout the rod 
llames, believing (as formerly) that they ooze out of the sun, Init puzzled 
(as formerly) by their difTorent qualities to different observers.” It is to 
be hoped that this question will receive its quietus in 1800; but many years 
may elapse before all the conditions of such vast appendages to the griuul 
luminary shall bo satisfactorily known. May they not indicate th(5 existcncti ol 
an oxtensivc solar atmosphere ? 

Another chance for physical research dawned upon us this last y(iar in 
the interesting eclipse of March the 15th, and, as it was to ho innmlar—one 
of the most hoautilul of tho colostial phenomena—I was for a time uudoc.ided 
whether to repair to the line of anniilaxity to watch physical details, or rennain 
at tho Observatory and catch what I could with my old equatorial. Jlavhig 
passed the ago of three score and ten, and no other eclipse of this class Ixung 
expected till August 1887, I was greatly relieved hy a kind ollbr from Mr. 
Isaac Plotcher to come from Oumhorland, and aid mo in any way 1 might 
suggest. A synod being called, it was resolved that Dr. Lee and Mr. h'’letche)' 
should proceed to Towcester, in Northamptonshire, armed at all points for 
noting every change—especially that curious effect of irradiation, the ibrniation 
and dispersion of the so-called Daily’s beads whole I was to remain stationary 


* This alliterative epithet has been recently adopted; but it does not imply that they were first H(ien l)y Air. 
Bally ill 1836; they having been described or indicated by diflerent observers, as Halley, Maclaiirin, and Short. 
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and measure the passages of the cusps, taking every advantage of fixed in¬ 
struments. Tliis is what followed:— 

‘‘ The IStli opened with as fine a inorning as possible, the sky being clear, with a light air of 
wind, and I therefore liastencd to Haitwell in older to innp tlie spots on the sun; but before 
10 A.M. the welkin was shrouded. However 1 prepared the battcrit^s for attack, Hhipjicd the 
micrometer with a positive eye-piece of 62 power, reduced the a])(iiiiUre of the object glass, threw 
open the observatory to assimilate the tcmperatiu'c, and saw all the meteorological uisLniineiits in 
their proper places. The wind now heshened up from the N.W. and there fell a little ruin at 
inteiwals: but at about 11*^ 35”^—as if to shew that all was right lioyonil the clouds—thelatU^r 
became fleecy, so as to reveal the luminary, idthough a driving scud was jiaasing over its surlaec. 
The telescope was now carefully pointed to the disc-placxi, where the moon vvouhl apjiroaeh the sun 
in the inverted field; and while catcliing a fij’iniah gaze, a starUivg Lremor of Lke Uuih, foliowi*cl by a 
faint dark line, announced the commencement of the eclipse’s first contact, at 23*^ 08"' 26” sidoreal 
time. As this line strengthened, masses of cumuli again got the mastery; but shortly aflcr noon 
the sky partitdly cleared, and the moon was distinctly seen nem’ing a remarka[>le group of spots 
beyond the centre, in the ?z/quadrant, the closest outlier of which she occulted at 23*' fifis 
sidereal time. The cusps were then very acute, and the lunar limb was sbaip and wnooth: but 
immediately the clouds again clustered, and the sky continued densely eovm’ed with ciiTo-stratUH 
till nearly sunset. 

“ During this tiinc external observations wore not neglected, but no thing I'cmaricablo was seen; 
which is not surprising when the nature ol tbe phcnomejiun, the season of the year, anil the 
character of the day, arc recollected. Towards the time of i‘-cnU-al (^eli])se thi', atmosplierci becami*. of 
a Icadeu-violct tinge, chilly and gloomy, resembling the (‘oiiiing on of a squall or llunidor-storin; 
yet never too dark for my reading the bonr-e.irclc ol the equatoriul. wiLliout iirLificIal light; tliougli 
a cajidlc was required in the transit-room for rcacliiig oil' the atttichetl thei'nionuiter, Jt seems that 
992 parts of 1,000 were to be covered at Hartwell; and eveji on llie central lines the un-eclljrsed 
portion o[ the disc was computed at 13346'^^, which would sulllec to constitute a luminary 101/^ 
in diameter. At the greatest darkness there was still a lurid whiteness on near objects; the pea¬ 
fowl were strutting about unconcerned and Iciiding, but the finehes ami H])arrows ceased chirping, 
and were evidently uneasy, while the rooks came clamorously cawing from all parts to their nests 
on the trees to tire south-east of the observatory. Aftiir the deepest gloom Llio light iucreas(‘d 
rapidly, and as it brightened a cock crowed, and the rooks winged off again.*-*' ()l‘ the vegetable 


In my Cyiilo (vol. I. p. 480) is Baron von Zach’s impression when that zealous astroaioincT and I Iravolled to 
Bologna togctlier to observe the annular eclipse of Septomber 1820; “ Avanl que f attoucliemcnt pwfuit dus deux 
bords fat efieetuc, on voyait, non pas un filet continu do liimiiire, niais dcs petits poiuifi lumineux, comme autant 
do grains brillans dans une file do porlcfl, soporda par den interalicca obseurs.” As the niiserablo Queen oi'France's 
diamond necklace hud just been publiokly talked of again, wc joked on its possible exaltation, like Berenice's hair. 
Still, it may be well to warn the tyro, that the ^ beads ’ are of no 2 )bysical import. 

* A question may here bo raised between the astronomer and the naturalist, ns it might bo avoiTod tlml the 
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world there was little to remark upon, as pimpernels and the like were not yet in Ilowc'.r; 1)Ut tlic 
crocus exhil)ited emotion, and a delicate Cape acacia in my house (raised from seed sent hy Mr. 
Maclear) folded its leaflets as it docs at night-fall, after the manner of one of its predecessors in the 
eclipse of 1836, as mentioned in tlic Cycle, voL I, p. 143. 

“Meanwhile the secondary details were closely attended to; and as it may aid in estimating the 
effect produced on the temperature of the atmosphere by the loss of so large a portion of its usual 
light and heat— even with the wot blanket of clouds between—I subjoin the register as noted by 
Mrs. Smyth at Hartwell:— 


TIME. 

Exposed 

In tho Obaorvatoiy. 

Tborm. 

Barom. 

Tborm. 

HygrOm. 

H. n. 

At 9’30 A.M. 

50 4 

29-67 

43-8 

-489 

11-30 „ 

ul-3 

29-69 

45-0 

-470 

12-30 r.M. 

50-5 

29-70 

44-8 

•437 

100 „ 

47-8 

29-71 

44-0 

•456 

2-16 „ 

60'4 

59-72 

4G-6 

•475 

3-00 „ 

51-4 

29 70 

47-9 

•499 


While this ‘was occurring at Hartwell, my annularity-coUeaguos had 

arrived at Towcester, and taken such promising stations as at any rate to deserve 

« 

success; but there the phenomenon was almost a failure, oxcept in to liaily^s 
Beads, as will be seen by the aimexed communications. On returning home, 
Dr. Leo reported himself as follows:— 

“ March 16. It was a fine clear morning, but already at 9 AM, the sky became haziy, clouds 
began to form, and before ton the sun disappeared. This state of wcatlier, with occasional light 
rain, continued till the eclipse was approacliing its central phase at 12^ 60'^, when a very visible 
dulness ensued, but might have been attributed only to the clouds and rain, had wo not known that 


x'ooks were merely mailing liome for tte vernal purpose of building their nests. Many might thus bo employed, 
but the trees abound also with old nests, and I saw the birds arrive.in swarms during the oclipso, and depart 
again after it. The following morning I met Mr. Todd, of the Sedrup Farm, who told me that as tho darkness 
came on he noticed the rooks flying over his grounds towards Hartwell; adding that his poultry evinced on incli¬ 
nation to roost but did not. Two of Dr. Lee’s people, George Carter and Joseph Horton, also noticed thoso birds 
coming from various quarters to their accustomed trees, with the advance of the eclipse. 
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there was an cclipac in transitii. Up to this time I had been Htationed at a handy telescope, wliicli, 
with an excellent pocket chronometer, liatl been lent me by Mr. Dolluud, the optician; they wctc 
steadily placed on tlie uppermost of two casks. Mr. S. Hoi’ton was at my side recording the 
variations of a maximum and a minimum thermometer, supplied by Messrs, hfegretti and Zainbra, • 
arranged on a temporary stand, Mr. Watkins was watching a barometer close to us, and Mi*. 
Fletcher with your 3-J. foot achromatic was at his post by a cucuiuber-lramo at a little distance. 
Mr. Huggins was near us with his photograj^liic apparatus, and on his right was Mr. Houslicld, all 
ready for action, but unfortunately no sun appeared. 

“The church tower, said to bo 92 feet high, was to the south ol us, and wc percieived some 
gazers on its summit, whcreuj)on Messrs, Fletcher and Huggins decided on ascending it, with our 
woiiihy host for their guide. At about 1 P.M. the atmosphere was certainly darker and duller than 
it had hitherto been; but still, on directing the telescope to the tower-division, their coiiiitonances 
were distinguisliablo. Suddenly the sun appeared through the clouds lor half a iniiuitc, in whicli 
brief interval wc caught a sight of the eclipsed portion of the solar disc, and a general clujer arose. 

It was becoming still dai’ker, and an evening gloom came on, with an clTcet like a cold chilly 
London fog. In a few minutes, although the sun continued to be invisible, this strange feeling 
diminished, and at 16™ it was ccr-tainly lighter, but with small rain. At 26™ wc again caught 
a glimpse of the progi'css of die eclipse Ibr a few seconds, and then, diough die Vfiin had ceased, and 
the weather had cleared off, masses of cloud hid the sun until some time aller the eclipse had 
terminated. 

“ During the greatest darkness 1 observed that the trees in the park, at the bottom of the 
garden, became confused for hve or ten Dniiiutes, as seen at niglit. All observadon of other phy¬ 
sical peculiarities succumbed to weather, of the state of wliicli, Irom 11 A.M. to 2,30 VM, wc made 
a careful record.” 

Mr. Plelcher very promptly related his proceedings to me thus :—- 

“ On Monday morning wo made every preparation for ol)serving the eclipse, although the sky 
became gi^adually overcast widi clouds of rapidly increasing density. The site we selected was the 
open garden attached to the residence of Mr. WaLkins, who shewed us every possible attention. 
Ahcady, between 10 and 11 o’clock, the sun’s place could not bo discerned at all, and at 11^^ 
wc feared that wc should only ho able to note the general effect of the eclipse on the surrounding 
landscape; for this purpose I repaired to the summit of the tower of St. Lawrence’s chiueh, which 
commands an extensive view in every direction. Thinking it miglit be difficult to got your tele¬ 
scope up the spiral staircase of the tower without risk of accident, I left it in the garden for tlic use 
of Mr. Bousfiold, and took with mo his smaller instrument, a capital 30-incb aehroi^atic of 2J 
inches aperture, by Ross. I pointed it to the’supposed place of the sun, and remained in watchful 
readiness to observe, should opportunity occur. At 12^ 63™ (approxijnatc Greenwich mean time) 
there was a perceptible increase in the gloom, which gradudly shrouded the landscape, but which 
was not greater than might fairly be attributed to so dense a canopy of cloud without resorting to 
the eclipse for an explanation. At 12,66 the gloom deepened, and surrounding objects assumed a 
peculiar tiugc,—a dingy, yellowish neutral tint, chiefly prevailing towards the cast. 
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“ Up to this time neither the cattle or sliecp in the adjoining fields, or the starlings populating 
the tower, indicated any thing peculiar. At 12,58, or thereabouts, a loud chccr from the ])crsoiia 
on the tower and in the streets below, announced that the eclipsed sun had presented ilself for a 
• moment. At first there was an exquisitely fine orescent with long delicate cusps, almost surround¬ 
ing the moon, but vapour of variable density, at a greater elevation tlian tlic clouds to which T 
before alluded, drifted with great velocity across the limardisc, and rendered it invisible for perhaps 
a minute. During an instant only the phenomenon revealed itself, and I saw the ni])tuve of the 
annulus, for on the north following limb of the moon I caught an evanescent glimpse of five or six 
little egg-shaped heads, one rather longer tlian the rest. In loss than a second oil was pcruuiucMitly 
buried in a sea of cloud until too late. At 1^* 3“^ the gloom had sensibly decreased, and in a few 
minutes afterwards it was scarcely noticeable. The maximum gloom even was never great. Han- 
slop spire, eight miles to the eastward, continued visible all the time, and the nearer ol)jectH weri' 
obvious enough, though dim. While the comparative darkness was at its maximum, the sUirlingK 
flew about, as if soared, but the cows were lying down, and the sheep continued to graze uncon¬ 
cerned. I may add that in the morning I had seen a large group of solar spots near the centre ol‘ 
the disc, and that they afterwards became visible without instrumental power, by mL*i‘(‘ly using tlu^ 
]jrecaution of a coloured glass.^ I measured this group next morning with the wire micronK‘ier of 
llie Hartwell equatorial, and found it to be 114,000 miles long, and 65,000 iniles broiul.” 

Still, in Lopes of making a whole out of disjointed observations, I inquired 
of several friends for their experiences ” of the phenomenon. In r(q)ly, Pro¬ 
fessor J. 0. Adams wrote to me from Cambridge on the 24th of March:_ 

With respect to the comparatively prosaic eclipse of last week, 1 was very unfortuiuiUj. 1 
wont with Cliallia and another fiicnd to Pcaldrk, near Pcterborougli, in order to be on the. einiLral 
line ; but we hardly caught a glimpse of the sim the whole time. They were much mor(‘ fortunut(‘ 
at our Obacivatory hero, having procured some pretty good observations.” 

And Mr. George Biddell Airy, the Astronomcr-Eoyal, to whom I com¬ 
municated this intelligence, remarked, by return of post:— 

“ However badly Adams saw the eclipse, we at WcUlugborough saw it worse, or rather di<l 
not see it at all. From the time that our telescopes were planted, say three qiuirtom of au hour 
l)cfore the eclipse began, we only saw the sim, not the moon, about two minutes, in wlik-h wc^ 
focalized the cyc-picces. During the eclipse, the sun and moon had not once a limb, even the 
rudest, in a telescope. My party at Bedford got a few sextant mcasmes, my ])arty at Marked 
Harborough got one sextant measui-e, and my people at Greenwich next to nothing.” 

Mr. Thomas Dell, of Aylesbury, went to Peterborough to be in tbo lino 
of annularity, and wrote to nae from thence as follows:— 

“ The 'weather drirbg the eclipse on Monday last -was Tory unfavourable; li-om a minute and 


* This was also seen by me and by my family under similar circumstances. (W. H. S.j 
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11 lialf after tlie commencement, till 12'* 40“ (Grccniwicli mc'an time), the Hun was entirely 
obscured by dense clouds, but from that time up to 9' 3'" it bi'caine almost contiiuanisly visibb' 
tbrougli a light liaze. My site was to tbe castwaril ol' tlic c.atbodral, on the north bank which 
crosses the Bedford Level, so that I had a good view of the surromuling country, 'riu! ghsm, u]) 
to 1'* 0“ 50* was not greater than Ircq^iicntly precedes a thunder storm, but then ineniased rapidly, 
causing the feeling, as deseribed by Captain Biddrdph in this total eclipse of 1351, ‘ol’ something 
material swooping over at a frightfid speed.’ The cloinhs near the sun a]>])eared to descend nipidly, 
and, losing their bright borders, became intensely ihu’k. At ll* 1“ 4“ the light .suddenly incmised 
again, more rapidly than it had previously decreased, so that, in 6 or (1 secomls more, the deep 
gloom had disappeared. A cloud psissod over the sun at tlie very moment that the annulus was 
about to be formed, and its duration was certaiulynot more than 2 seconds, theredne the timi' of the 
formation would be 1*' 1“ 2*. This shews the accuiucy of the line laid down on tlie Ortluanco 
Index Map, for, as my position was about 5i miles R.B. of that line, it is probable that I was close to 
the limit of the sha'dow.” 

So much for the annular eclipse of March, 1868. 


Solar Translation (Cycle, I. pages 281 to 284). The hypothosis of 
the whole solar system journeying through space towards a point somewhat 
to the north of Tt Herculis, has recoivod intense attention siaco my Cycle was 
published. Even then I thought that, from the rigid accuracy of modern 
observations, the doctrine of a central body would either bo positively accepted 
ere long, or rejected without further hesitatiou; for, though the idea that our sun,* 
attended by his numerous corthge of primary and secondary bodies, togothor with 
nil the comets of our complexure, was in progress around some incoraprehonsihly 
distant and enormous orb, was astounding, the infijrences of scioneo wore too 
strong to admit of reasonable doubt. My lamented Mend Thomas Galloway, 
a valuable member of each of the scientific bodies to which lie holonged, 
obtained—at my instance—the royal modal of the Iloyal Society by his dcoj) 
researches on this topic. The results of his movement of the solar system, 
derived from the proper motions of the southern stars, wore contained in on 
able memoir inserted in the PhilosopMcal Transactions for 1847 ; and tho con¬ 
clusions of this able mathematician have been further established by tho elabo¬ 
rate calculations of the Bev. Bobert Main. Tins gentleman, in bis essay on 
the proper motions of the stars, contained in “ the Greenwich Twelve-year Cata¬ 
logue” {read in March, 1850), has formed a table (tie) by extracting those 
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stars in liis general table wbicb have proper motions greater than 0®'02 in 
and greater than or equal to in north, polar distance; bo then says:— 

I Imve added to tbia table the factors of solar motion, computed on the supposition that the 
sun is moving towards a point in the heavens defined by the ./H 260°, and north polar distance 
55° 37'. The fact of the existence of tins motion is now so fuHy established by the separate investi¬ 
gations of Messrs. Argelander, 0. Struve, and Galloway, and the approximate value of the amount 
of the solar motion deduced by M. WillioDn Struve is deserving of so much attention, that 1 liave 
thought it worth while to compute these factors, and to place them side by side with the <>])scrve(l 
proper motions of my third table; and a bare inspection of the related columns will sufTice to shew 
us that the apex of solar motion is at least pretty accurately determined, while the factors themselves 
will be useful in a verification of its position.^’ (Memoirs of the Royal Astr. Soc. vol. xix. page 133.) 

In tho Cycle (vol. II. page 391), I mentioned moreover that our system 
was travelling slowli/; that expression, however, must only be taken com¬ 
paratively, because it may require thousands of centuries before a single revo¬ 
lution of the solar orbit is completed. By recent results it is computed tliat 
we are moving on at the rate of 1B4 millions of miles annually, or upwards of 
1.7,000 miles in every hour of time I The argument is thus summed up by tho 
elder Struve in his Etudes d’Astronomie Stellaice, page 108, published in 1847 :— 

“ Tlic motion of the solar system in space is dhcctod towards a point in the cdc^stiul vault 
situated on the riglit line that unites the two stars of the 3rd magnitude tt and Ihu'cadis, at a 
♦^fourth of the apparent distance between them starting fiom w. The velocity of this motion is such, 
that the sun, with aU the bodies depending on him, advances annually, in the direction above staLetl, 
1*623 times tho radius of tlic terrestrial orbit, or 33,550,000 gcograpWcal miles.* llie lU'obable 
error in tho numbers here given may amount to 4,733,000 geographical miles, or to on(i-sevcntli ol' 
the whole. Wc might therefore wager 400,000 to 1 in favour of the reality of a progressive i)ropcr 
motion of the sun, and 1 against 1 that it is comprised between the limits of 38 and 29 milliuns of 
miles.” 

But th6re is no immediate cause for dread or alarm: since, even under 
the largest unit, the solar system cannot pass the enormous interval in less 
than a couple of millions of years! 


* I’hese figures are in German miles, which by Professor Littrow’s interpretation are each equal to 4-6 of our 
truly-ascertained miles. The reduction of Struve’s numbers therefore yields the following amount, roundly in 
Engli^ geographical miles— 


Solar progression . . 
Probable error . . . 

Limits of solar velocity 


164,330,000 

22,000,000 

176,000,000 

182,000,000 
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I haTe stated in the Cycle (I. page 282), that the exact direction and 
nature of the mysterious path wo m-o pursuing must necessarily he left for men 
of after-times to determine; since so vast is the orbit that all the stellar dis¬ 
placements hitherto detected only roi)roscnt it as a right lino, the which is 
utterly incompatible with the principles of motion and gravitation. It must 
be curvilinear, and M. Madlor has made this hypothesis the basis of some 
very ingenious speculations, in which ho assumes that Alcyone, the lucida ol 
the Pleiades, is actually the central body which controls us, and around which 
we—sun and attendants—are revolving. Tlio idea is magniacont and warmly 
treated; but from the want of a firmer foundation, and other obvious causcis, 
it is eq^ually unsatisfactory and inconclusive. These matters will be mucli 
better understood and known a handful of ages hence. 

Mbbouiit (Cycle, I. pages 96-103). As there was fuU reason to predict 
in the first volume of the Cycle (page 252), so the mass of this planet has 
been more accurately approached by the perturbations endured by Encko’s 
comet, than it was when I wrote: but although I considered, and still consider, 
the evidence to bo rather shaky, I ought to have montloiiod Schroctor’s con¬ 
clusions as to the heights of some Mcvcurimi mountains, botli in regard to 
the assertion, and in Ml recognition of lus indefatigable irorsovoranco on a 
body, the constant proximity of which to the solar blaze so greatly interloros 
with stringent scrutiny. The astronomer of Lilionthal conceived that he bad 
a clear proof of the existence of mighty asperities on the surface of Mercury: 
but surely his inferences require confirmation before they can bo assumed as 
facts, or recorded among astronomical truths. The point in question stands 

:_a certain blunting of the southern horn of its crescent.—seen and 

observed vnth infinite attention—was imxmted to a most obvious cause, namely, 
to the light of the sun being intercoiitcd by a high mountain. Tliis is a fair 
lueliminary condition; but as the height calculated by the extent of the trun- 
.cature is upwards of twelve miles, or nearly the 125th part of the planet’s 
radius, the result appears to require modification. Aware of the responsibility 
incurred, he estimated for comparison the height of Chimborazo, which when 

Gr 
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I was in the Paciflc (1807) was esteemed the loftiest mountain of our globe, 
Twr of the earth’s radius; which is a vast disproportion when the relative 
magnitudes of these two bodies are taken into the argument. 

Notwithstanding that Schroeter assigned a period of rotation for Mercury, 
and might thereupon have assumed that its figure was not truly spherical, yet 
he confesses that he could not detect the slightest trace of compression or ellip- 
ticity in the form, nor indeed could Sir W. Herschel, though armed with supe¬ 
rior means; but, on the occasion of the transit of Mercury over the sun’s disc 
in November 1848, the Rev. W. R. Dawes, by his very delicate micromotrie 
measurements established a difference of V-tf-th between its polar and oquatoroal 
diameters. I happened to be in the chaii* of the Royal Astronomical Society 
when this interesting announcement was made (8th December, 1848,) and I 
recommend those who have not aheady read his paper to consult the Montlily 
Notices of that Society, vol. ix. pp. 21 and 22, where they wiU find his means 
and method for arriving at the result. 


Venus (Cycle, I. pp. 103 to 111.) A few detaUs must be added to my 
account of this beautiful planet, as the transits alluded to constitute a memorable 
epoch in the astronomy of the eighteenth century, and, relative to that pheno¬ 
menon m 1761, some more official papers in aid of its history have turned 
up. At page 110 of the above cited volume, I mentioned the transit of Venus 
which occurred in 1639, and the next following as in 1761. But I was stai-tlod, 
on receiving a catalogue from Mr. Sotheby, the weU-known auctioneer, at 
there being among the historical papers of Captain Warrington, R.N., 'to be 
sold on Monday the 2nd of August, 1868, the following announcement 


No. 20^ George II Tho King’s wrant signed to pay Peter Duvall, Vice-President of the 
Koyal Soeie1y,,nglithun<lrcd pounds to enable them to send proper persons to various parts of 
Ae globe to observe the toansit of Venus over the sun, 1727. Countersigned by 
Newcastle, F. B. Le<jge, James Oswald, with the print of the transit, &o. 


Here I was taken iat aback; stffl, from its being under such official autho- 
rity, it become a duty to loot to it, and the only condusiVe method of knowing 
wliat It all meant was to purchase the paper. Not a moment was lost in pro¬ 
curing it, and running an eager eye oTcr its contents, but. though docketed 1727, 
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that was only in allnsion to the office -number of the warrant on which they 

acted for payment, but the phenomenon really treated of was not expected till 

1701. Tet this document is valuable as showing the desire of attending to 

what had only been seen once before since the world began;” and it proves 

that, though George III. has had the whole credit of filimg out the Transit- 

of-Venus expeditions, a portion of his claim in that respect must bo restored 

to his royal grandfather. It is indeed no groat matter, since the lloyal Sodoty, 

aided by outward pressure, puUcd the strings; but, to sot the alTair in the 

clearest light, as all topics worthy of record ought to' be, I will here lodge a 

copy of the Eing's warrant; 

^loroaa it luilli bocn liuiubly rcprm‘nt(ul to us by iho 

Presld('.uL, Council, and FcUowr of our iioyiil Society 
of London tliiit tUo rc]>iiULiou and lunioiir of the 
Brltinli Nation ivAimva some diligent, ftiithlull, and 
skillull I'^ersons to l)c scut irom this our Kingdom U) 
proper parts of the Glol)c in order to miilre exact oh- 
sorvationR of the transit of the Planet Venus over tlu^ 
Sun, which rare Pliconoincnon will haiipen on Iht! Gtli 
of June in the year 1761: And Whereas We have 
resolved to give tlio sum (^f Might lunidred i)()undH 
to he applied by Our said lloyal Socit'ty for the puiposc aforesaid: Our Will and Plensurc 
therefore is that, by Virtue of Our Gcucrall Li'tters of Privy beal, bearing date the 26tli 
day of June, 1727, You issue and pay, or cause to bo issued and paid, out ol any our Irea- 
surc or Revenue in the receipt ol‘ Our Rxclicquor applicable to tlio uses of Our Civil Govenri- 
mont, unto Peter Dnvjdl, Esqr., Vico Prcsidtait of the said Society, or liis Assigns, the sum of Eight 
hundred pounds without account, lobe by liim or them paid over aiula])plied for tbo pujpose aliire- 
said under the direction of the said President, Council, and Fellows. And for so doing tliis bIuiII 
be your Warrant. Given at Our Coui't at Kensington this 21st day of July, 1760, iu the 34th 
year of Our Reign. 



To the Commisaionm ofour Treasury* 
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This sum, reduced by hungry red-tapeism to 769Z. 6s., was received from 
the Exchequer by Mr. Peter Duvall ou the 5th. ol August, to enable the Society 
to send the Rev. Nevil Maskelyne, afterwards Astronomer Royal, to the island 
of St. Helena; and a similar sum of 800?. (768?. 16s. received) was granted 
to the same body that they might despatch Messrs. Mason and Dixon to 
Bencoolen; and Dr. Birch reported, on the same 6th of August, that Mr. 
Cleveland, the Secretary of the Admiralty, had mformed him that My Lords 
had ordered a ship (the Sea-horse Mgate) to be prepared for conveying the 
observers to their respective destinations. Owing to certain obstructive dock¬ 
yard delays Maskelyne would not wait for the frigate, but, embarking himself 
with his instruments and comforts* in another vessel, he arrived at St.Helona 
within the appointed time. There he made every preparation, though ou 
account of cloudy weather he reaped httle that was satisfactory of the remarkable 
transit; his voyage, however, proved eminently useful to navigation, especially 
as relates to what are now so well known as lunar observations. 

The Bencoolen expedition was still more unlucky, for it did not quit the 
shores of England till January, 1761; and, when at last the Sea-hors(‘ left 
Spithead, she had hardly cleared the Stai't Point before she feU in wdth L(^ 
Grand, a Erench frigate of superior force. An action of course ensued, and 
was continued with great spirit on both sides, tUl, another of our ships heaving 
in sight. Lb Grand made all sail and escaped, after having Idllod 11 of the 


^ These comforts may be understood b 7 a glance at the estimate which Maskelyne drew up, and which was 
approved by the Council. Besides the pmjermtt Jionoraire of 1601., the following was granted for his necessary 
expenses, in 'which the sums for drink prove that he wqb not quite what is now yoleped a Teo-totaller :_ 

£ 8, d, 

100 10 0 
91 5 0 
13 13 9 
27 7 6 

241 16 3 

Liquors on board of ship for three months going and three months coming book 60 0 0 

Total expenses for one year 


Boojding at St. Uelona at six sliillings per day for one year . . . 

Liquoi-a at five sliilllngB per day for same time. 

Washing at nineponce per day. 

Other expensofl and incidental charges at one shilling and sixpence per day 


£291 16 3 
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S('ii-liorso’s crew, and wounded 38. This contretems compelled Captain Smith 
to ■i)ut back for repairs into Plymouth, from whence the B/oyal Society received 
!i dismal Jeremiad from the disconcerted savems, in which they made a stern- 
lK)ai*d and declined their mission; but the following unmistakeable remonstrance 
brought them to thou’ senses:— 

Tlio Ccmucil arc extremely surprised at your decliaiug to pursue your voyage to Bencooleu, 
\vlii<!l) you have so solemuly undertaken, and have actually received several sums of money upon 
iiccouiit of your (ixponses and in earnest of performing your contract. That your refusal to proceed 
upon this voyage, after having so puhlickly and notoriously engaged in it, will he a reproach to the 
nation in general, and to the Royal Society in particular; and, more especially and fatally, to your- 
scIvch; and that, after the Crown has been graciously and generously pleased to encourage tins 
uii<loi'taking hy a grant of money towards carrying it on, and the Lords of the Admiralfyto t^ 
a ship of war, on ]nu-posc to carry you to Bcncoolcii, and after tiie expectation of this and vanous 
other nations has hcen raised to attend the event of your voyage; jom declining it at this cntic 
juncture, when it is too late to supply your places, cannot fail to bring an indehble scandal upon 

your character, and probably end in your utter ruin. 

In case you shall persist in your refusal, or voluntarily frustrate the end and disappom e 
iutention of your voyi^e, or take any steps to thwart it, you may assure your^lves of being trea 
by the Clouneil with the most inftexible resentment, and prosecuted with the utmost seventy of the 
\L To prevent all possibility of doubt coiiceniing your undertaking the voyage or omitting to 
go, the CouiKul do absolutely and expressly direct and require you to go on board the Sea-ho , 
and (‘liter u])ou the voyage, be the event as it may fall out. 

This heavy shot between wind and water, told well; but enforced service 
i» seldom pioductiTO of goodly fruit. The trausit of Veuua gained UtUe by the 
udurn of the molooiiteiita to obedience, for, so much time had been eipeude 
i„ refiUmg tlm frigate, that, apprehensive of not reaching Bencoolen m snfflmnt 
tinm, they bco-«ht-to at the Cape of Good Hope, and made then- ohsewatrons 
there. Tho results are briefly alluded to in the Cycle; but for an a e 
ouaaion of tho whole, see Bnoke’s treatise on the subject. 

TliormU the conclusions were not so definite as science require , 
a,lveut was a capital preparatiTe for 1769; and, moreover, the recui^oe of a 
pUenomonou which had oifly been once seen before “smoe the world eg^, 
lormod general attention; and varions .eye-witnesses are on record to whom 
L wiU Imre add another. Being on a visit to Tam Bank m c o er , 
tbo hospitable owner showed me a long series of volumes of yeai y memoran 
kept by his great-grandfather Isanc Bletcher, of Underwood near Oockermonth. 
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He was a Cumberland yeoman of moderate education, but a man of observation 
and extensive reading. Under date of June 6th, 1,761, we found this entry 

This mombg, about four, observed the transit of the planet Venus over the sun’s disc with a 
sokr telescope. The sun dien appeared large, with a thin black cloud over it, which soon went, oil' 
as the sun rose higher in the horizon. The image of the sun and the planet Venus tis a black spot 
appeared very plain upon a wHte cloth put up for that pniposc. Hie path of the plaiuit ovit ‘the 
sun 3 disc was easy to delineate, and very curious to beliold, though clouds interfered. It went olf 
the ^about 35 minutes past eight in die morning, soon after which thick clouds covered the 

whole hemisphere most of the day, with some showers of rain in the afternoon. 

■ 

I have not been fortunate’with Venus myself; nor after repeated ghziiigs 
have I been able to add more about her telescopic aspect than what is already 
stated (Cyde, I. page 108). To be sure, in consequence of the notice given in 
the Eoyal Astronomical Society’s Monthly Notices, (vol. xiv. page 224), 1 watched 
her inferior conjunction in 1866, but only perceived a fine sOveiy crescent without 
any indication of an annular fringe of light surrounding the dark part of the 
disc. Nor have I at any time been able to make out the spots, which my 
correspondent -Ue Vico saw so frequently at Home. Here some one might 
say that the difference was owing to the admirable transparency of Iluj 
exquisite Italian skies; but such assertions are bettor suited to tlio novelist 
than to the astronomer. I have frequently been annoyed in hot countricss 
with the unsteadiness of the stars during observation; and in my Cycle (Vol, TI, 
page 128) I pubHshed the remark made to me on this subject by the thoroughly, 
practised Piazzi*. Now, this very remark is quoted by Padre Angelo Socchi, 
the successor of De Vico, in his recent Descrizione del nuovo Ossorvatorio del 
Oolleggio Eomano; wherein he arraigns the weather again and again.* 


sop™ aJla difficoia che s’incontra nel prender minuro osaltc 
fi si lagnano tuto gli osservatori, ma pan-.-hc nelli 

oib preferiva MsdfoeenwicraZsurpiTmo ^ ° 

lavori deUa soienza, qul^rplTsXkTbSrS’””^ '«tvonomioLe, pure siansi compHi i piu gratuU 



THE TEEEBSTEIAL PEOBLBM. 


47 


The Eaeth’s Oeitst (Cycle, I. page 117.) Since my alliisions tliere to 
Geology were printed, there have been nnmerons valuable discussions, as well 
as sonic dreamy reveries, on the Crust of the Earth; which, from a mathe* 
matieid examination of the velocity of our rotation, is concluded to he subject 
to local variations in all likelihood correspondingly unequal on its inner surface. 
By mining and other artificial means of penetrating this shell, a gradual 
augiuontation of boat is encountered, increasing proportionally to the depth: 
in other words, without looking to great numerical precision, if the tempera¬ 
ture continued to rise at the mean rate of 1° of Eahrenheit m every 80 feet 
of dojith, which is a fair average from the experiments hitherto made, it 
would hocomo probable that the eaa-th is a spherical bomb, having its interior 
still in a state of fusion by heat. At a depth of, say, 60 miles, the tempera- 
turc would be above twice that which would suffice to melt iron, and stfll 
more to destroy cohesion in any other matter composing the said crust. The 
average density of the earth, as deduced from several independent authorities, 
amounts to five and a half times that of pure water, or double that of the 
average afforded by the earths and rocks on the terrestrial surface, whence it 
ia evident that much of the interior must be metallic, or immensely condensed. 
Since Perkins gives the density of water as doubled by the pressure of 200 
aimos])hcrcs, it must either be compressed into a solid at the earth’s centre, 
or enabled to retain its fluidity by an exceedingly high temperature. To these 
data wo may add that the densest metals increase in density by hammering, 
and that fluids are more compressible than solids. Astronomy also supplies 
arguments in favour of the density increasing as we approach the centre, if 
we may judge by the evidence yielded by the moon; and, retmming to our 
own globe for practical examples, we may adduce the influence of Mount 
SohoUallion, in Scotland, on the plumb-line, amounting to 11-7" m observing 
zenith stars, though the actual distance through the base of the mountain 
was under 6000 feet. This perplexing yet truly important problem at present 

may be viewed thus 
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Supijosing tliis diagram to represent a sphere about 8,000 miles in diameter, 
the occult or dotted outer cii'cle would indicate the height of the atmosphere, 
dilated by rarefaction up to vacuum; the mere thickness of the black circh* 
would cover, or equal, the utmost heights and depths of the land and sea; 
wliile a similar line inside, would suffice for the whole extent that we can 
accurately refer to. Here the shaded portion would represent the utmost depth 
which human inference has yet assigned for the terrestial crust; but what do 
we know of the rest ? By the surprizing revealments of geology an advance is 
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m.'ubs yt^l only io a couiparativoly small vertical extent. In granite and 
111 her igneous rooks, wliicli, have been forced up from the unknown regions 
below, no living organism is indicated to have existed—'they are destitute 
of any relics of auiniatcd nature. Those formations may exceed 20 miles 
in thickness;—hut must we assume that all below this estimated depth is 
niolleu niaitev? Tho strata in which fossils are found imbedded, do not 


nltogelher perhaps roach down more than 16 mUes. Can we then even 
venture to guess whidhcv tho central vastness be a solid body of matter, 
inltnilely condensed by enormous pressure like Dr. Young’s steel, or even 
like Kewtim’s atoms,—or whether, with probability on its side, the cavity be 
lilliul with Iluids, so full as not to allow of any waves ?—hence the safety 


of a bnroiueter tube when tho cistern is screwed up tight. 

While drawing tho foregoing liguro, and assuming the shadowed portion 
to HOO or .l.,00() miles thick, according to tho deductions of my friend Mr. 
Ilepkins, ns gailnwed from his communications to the Boyal Society (1839— 
IHI.2), an omniologiotd straw-spUttcr at my elbow asseverated that the Germans 
had found tho earth’s crust to bo exactly 26^ miles iu thickness. Now, 
though this (luestiou might apparently bo .very well ranged among the a^xma 
natmun uttiwly impervious to our present perceptions, the deduction was 
airirm(‘.d so positively, that I referred it to M;r. Hopkins, as the cautious, 
..ouiprehensive, and sciontilio ihmsos of this department. His letter from 
Cambridge, dated 2lHt March, 1868, ran thus :— 

. lK,lu.voyour .,uuuinn-g.abcnuu IVlcivd. Noithor the Germana nor any other people 

1 U.,. am h'lvc fouu.l the oiirbli’a crust only 26 miles iHck. As you suggest, they (t.«. 

Thedhugwouldthenhecom. 

''''""''it 

tiu, i..« ..r iU i. tat' “ir 

ui ixjn.rnnci . memou' passing through the press 

wauimiif. h iyexpoiimmu. I idl to tourno tie nilrieot. Inlheme«. 

lit!' iito i. toe m, eoevito in tl.e truth of m, fonne. contoon. 
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“ I have said, that, accordiug to my solution of the problem of the Precession of the Equinoxes, 
the miniimim tldckncss must bo about a fourth or fifth of the earth’s radius. I don’t mean to say 
that it might not possibly be thinner than that, as 4 or 600 miles for instance; but I am thoroughly 
convinced that it camrot bo anything like so thin as 100 miles, for example. When my 
Memoirs come forth I ■will send them to you. My investigations impose no limit to tlio maximum 
thickness. 

“ Tlic most important point, geologically, is 'whctlicr tlie crust is thin enough to allow the 
tZh'cet influence of a fluid incandescent nucleus on the phenomena of volcanoes, elevations, &c. I am 
thoroughly convinced IT IS NOT.” 

Under this comfortable assurance, a study of the relations of the foregoing 
diagram opens a marvellous fidd for speculation. As the earth’s crust con¬ 
sists mostly of oxidized bodies, may there not have been a groat absorption of 
atmosphere,—itself a powerful absorbent of light and heat—in the process: 
and may not the said crust, acted upon by a high internal temperature, 
possess a degree of beneficial elasticity? Are not light, heat, magnetism, 
whether in the state of galvanism or electricity, striding modifications of a 
mighty and all-pervading principle as yet comparatively unknown? Anotlicr 
Newton may one day arrive at conclusions which -will then bo rendered obvious 
enough. Even now, amidst the struggles of intelleetijal fancy, the facts cannot 
be questioned, though some of the deductions may be at sea. Thus, wo are 
told that, wore the particles of light the size only of the 12,000th part of a 
grain of sand, they would batter and demolish our world; yet if light be a 
material agent, liable to attraction from ponderable matter, a question would 
ensue as to what becomes of the infinite quantity thrown upon the earth’s surface. 
However, to prove that speculation is still adrift relative to om' main ai*gumont, 
let us now listen to Arago (Popular Astronomy, Book xx. Ch. x-viii.)— 

“Admitting -tho constancy of the progressive increase of tempcralure in proportion us we 
descend into tlie interior of the earth, we should find that, at tire depth of eight or nine leagues 
below the surface of tho earth, that is to say, at the depth of only four or five ■times more than the 
elevation of our Irighost mountains, those substances that wo know to be most capable of resisting 
the action of heat would be in a state of fusion. In fiict, in a letter from M. Mitschcilich to my 
friend Alexander Humboldt, I road: ‘ The temporatm’es requisite for fusing metals have been very 
much exaggerated. The flame of hydrogen burning in air is only 1660° on the ccntigni'do scale 
(2808° I ahrenheit). In this flame platinum-fuses. Granite fuses at a temperature below that of 
soft iron; it fuses at about 1300°, and silver at 1023°, (2340° and 1841° Fahrenheit.) By supposing 



THE TROPICAL YEAR. 


51 


an iiKimiHu ni’0-033° coutlgraJc in every meter {nearly 0-02° FiJivenheit for every foot of depth) we 
slinuld tliul at a depth of 40,000 metcra (131,236 feet) (24-8 mifes) a temperature, in round 
nutnlM'i-rt, of 1320° (2376° Fahrenheit). Then granite becomes fluid there. 

“ 'I’luiH 40,000 metros (25 miles) is the approximate measure of the thickness of the earth’s 
crust. 'I'lils is a deduction from observations which, unfortunately, have hitherto been practicable 
only 1.0 the slight depth of 650 metres (2,133/seO. J®* suffices to explain the reaction exerted 
against the -weak parts of the solid envelope of om’ planet by the ^internal fluid matter. The 
cxisU'ucc of volcanoes is thus easily explained.” 


riausiblo as those data may appear, before drawing conclusions we should 
cousidor the probable obstructions to fluidity uuder enormous pressure: even 
oil the small scale that man can command, water is preyented from boiling. 
Metals soon begin to expand with heat, and thereby undergo increased com- 
pression if inclosed in an unyielding case, such as the earth’s crust may prove 
to bo ill regard to its nucleus. 

On that same page of the Cycle (117) when I alluded to the Tropical 
year, I might have said that its length in sidereal days is 366-2396, or 
3G5<' 5*' -lib” I’did'*'; aJid the several determinations of its dm-ation may be 


i\xhibitcd thus in mean solar time:— 

d. h. m. a. 


AlbiUcguluH, about a.d. 1000 . 
Gopernicus, in 1543 . . r ■ 

I'ycho Bruho, iu 1602 . • 

Kap]cT {Tahtdce Rudolphince) . 

Flamsteed {passim) ■ • • 

Halley {Astremomioal Tables) . 

Beaaol {for the year 1800) 

Airy {communicated iSth January, 1859) 


365 5 46 24 
365 5 49 06 

365 *5 48 45 

366 5 48 67-6 

365 5 48 57-5 

366 5 48 54-8 
365 5 48 47-8 
365 5 48 46-06* 


m 


Maliv,. to tho succeeding page (118) it may be weU to add here, that I 
ight iiaTc led off, in the Ust of ascertained obliiuities of the Eoliptio, mth 


(lai-ilencr's Calcntlai- for a year or two. 
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that of Tcheou-Xong, determined about b.c. 1100, to be 23° 54' 02"; espe¬ 
cially as the Chinese observations were taJien with regular instruments_gno¬ 

mons or armillEe. 

The Moon (Cycle I. pages 96 to 103). Since 1844, our satellite has 
been as fully gazed at by me, under several phases, as an object-glass of 
inches would admit of, besides having had occasional snatches through powerful 
reflectors; and it is assuredly a body on which the mind and vision never 
tire. Still, after all, the recent practical attempts have not been very produc¬ 
tive of valuable results, nor have they greatly enlarged om’ knowledge rospoct- 
ing its smTace; but that is not the case with the purely analytical branch of 
this noble science, for my learned friend. Professor Hanaen, of Gotha, has 
lately been so fortunate as to detect two sensible ineq[ualities in the lunar 
motions, one of 239 years’ duration, and the other of 273, which have, humanly 

speaking, perfected the Tables of the Moon. Lord Kosse’s giant instrument_ 

which may be said to bear etficiently a power magnifying upwards of 6000 
diameters, to the wonderful amplification of surface—makes our satellite resem¬ 
ble a globe of molten silver; but, in detail, only shews an increase of the 
extinct volcanoes, and frightful ruggedness, which I have described as one vast 
ruin of nature (Cycle, I. pages 130 to 132). These features engaged much of . 
my attention, yet the only conclusion to be arrived at is a notion that they 
are owing to volcanic action and moon-quakes. Many of the ring-formed ridges 
ai‘e like bursten bubbles of boiling pitch, or aeriform discharges blown off 
from fused metals; while in others, the annular character observable in their 
plan loses much of its analogy to like formations on the earth’s surface. Thus 
the gigantic ring-mountain, Tycho, is elevated above the surrounding region 
about 12,000 feet, but its interior area is an inclosed plain of nearly fifty 
-jniles in diameter, with a depth of 16,000 feet. 

The radiating streaks (Cycle I. page 128), so conspicuously brilliant at the 
time of fall moon, appear to be cracks or gullies, that occurred when the 
cavity of Tycho first convulsed the lunar crust, and may since have been 
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filled np with some highly refleetive lustrous suhstauoe* My sealous toeud, 
Mr, James Nasmyth, has devoted iuteuse attentiou to the lunar riug-mountams, 
and on the whole concludes that' the circular walls ai-e produced hy emptions 
having broken forth at one point, and scattered the ejected matter round the 
central orifice with equal force in all directions. From the small amoont of 
vravity in the moon, the scorue, and even lava, could easily he thrown to greater 
distances than in larger globes; while the central peak, so ohservahlom most 
of the annular mountains, he thinks due to the expiring en<wg,es of volo^e 
action: and he considers that the brilliant streaks issuing from IVcho, Ala¬ 
chua, and other mountains, are owing to immense fissures, through which the 
bright molten lava has oozed, and is thinly spread over their lianks. 

Here the mention of certain grooves resembling scratches (and tharofom 
called ramw-e. hy the French) must not ho omitted. Tliey sometimes imccod a 
hundred mfles in length, though only about three quarters of a nulo m breadth, 
and are alternately dark or bright according to the angle at wliidi the sun’s mys 
faU upon them. The fertile imagination of Sohrmter, who only discerned two, 
suggested them to he proofs of intelligent inhahitants; but subsequent observers 
have traced seventy, and their course, sometimes ending at a orator, and 
others continuing thmr way across the cavity, is perploxiiq;. 

That superb specimen of its ordei-,' CopomicuB, is more tliau fifty miles m 
diameter, with ditts of 11,000 feet ahovo the interior surlaoe; and the ndps, 
rills, gulfs, valleys, pearly-peuks, moimtain-ton-aces, and irregular hut radiant 
streaks, are unmistakeahly marked even in tho glittering uimhus around. Struck 
with the importance of so noble a lunar feature-one still demanding the espe¬ 
cial attentiou of the wieldere of powerful teloscopes-I appM to Mr. Nasmyth 
for a drawing of tho crater, and being thereupon fiivourod with a faithful mono¬ 
graph representation, I procured the annexed reduction of it from the accurate 
burin of IStlr. Thomas Oobb: 


* Baron WalterBliauaen, who apent some years on Etna, and there proyed several of my points, showed mo his 
drawings of some very remarkalole trap-dykes, radiating from the great crater of tho Sicilian volcano. 
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I ought perhaps to have premised that Nasmyth-like his own powerful steam- 
haimner, which can either smash an anchor or only crack a filbert—compasscicl 
a siege of the moon with gigantic reflectors, his own handiwork, as well as a, 
i-ediiction of her rugged aspect to delicate delineation. Thus animated, lie con¬ 
structed two Newtonian telescopes, one of Sf inches aperture, and 9 feet focus 
-the other of 12 inches aperture with 13 feet focus; and these were sedu¬ 
lously employed for several years, principally under powers magnifying from 
240 to 360 times,-with what good effect may be seen in his numerous dia¬ 
grams, and in his essay on the telescopic appearance of the Moon (Iloyal 
Astronomical Society's Memoirs, vol. XV. pages 147 to 156). In reasoning on 
the nature and structure of lunar craters, he submits an engraving of Gas 
•sendus, by no means one of the largest; and as-from its aspect varying 
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greatly under the different phases-I am interested in the same spot, he 
Hndly lent me the block from which the accompanying impression is taken 



Gassendus he describes as “measuring about 60 miles in diameter, near 
to which may be seen a minute crater marked o, and another marked m ; o 
being about the size of our Vesuvius, while a; is liUly larger than Etna I A 
comparison between those and the large one will convey perhaps a clearer idoii 
of their relative magnitudes than any attempt at description.” On other counts 
also this is a truly wonderful object; the interior being rough and bright, 
with its parasites 0 and D, and its several ridges and depressionsit resembles a 
circular wall on the whole, the western side of which rises to the height of 12,000 
feet above the plain of the area, with enormous steepness, since the interior 
remains free from shadow only five or six days during full moon. There is a 
small passage at the southern part, leading into the Mare Humomm, of whicli 
Madler and Beer describe Gassendus as the .northern key-stone, and another 
strait communicatmg with the large crater at the north, whffc a crowd of 
peaks rise in the centre, and bright mountain-masses close the east. 

There are various indications of a relationship between the planets, and 
there is an inferential evidence in their fluid origin, and subsequent solidifi- 
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cation: and among other instances their apparent connection in astronomical 
and geological phenomena ought not to he overlooked. It is not, however, 
that so interminable a point need be discussed here, further than to submit, 
after the above lunar formations, the following terrestrial specimen. It faith¬ 
fully represents the great crater of Teneriffe—eight miles in diameter, with 
its paraaitic cones and peak, the latter 12,198 feet high—on a scale of 

nature (see the Admiralty Teneritfe Keport of 1866, page 674):— 



The Mare Imbrium is one of tlie smaller lunar seas, yet is 260 mUes 
from north to south, by about 290 from east to west. It is surrounded by steep 
elevations; and there are numerous craters, with long marked veins, visible on its 
surface, which is of a decided green tint, and upon it the white efflorescences 
formed by the hlow-holes are weU seen. The irregularities on this, and other lunar 
oceans, have made some observers leap to the conclusion that they are large tracts 
of fertile land; but Arago thinks they may still be slightly covered with 
water, the light reflected from the beds of such lagoons being more intense 
than that proceeding from the surface of deeper water. Besides the fore- 
going representation, Mr. Nasmyth gratified me with a beautiful drawing of 
Gassendus, on a ^larger scale, accompanying his esteemed present with a real 
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good-will offer—in ca.se the Cycle was coming to another edition—to act as 
my “lunar limner,” and delineate any part or parts of “y® Moone her surfia; 
and another zealous selenographer, hight Warren de la lino, made me a tender 
of the use of his as yet unexcelled planetary plates. The productions of those 
gentlemen, so faithful in the leading physical and mechanical features, would 
indeed have been a treat to Galileo, albeit he used his little “ optio tube” to 
good purpose in making out moon-mountains at all. 

Gassendus is situated at the pitch of the Apennine range, the most re¬ 
markable of the lunar mountain-chains, ■with cliffs upwards of 13,000 (bet high, 
and its culminating peak Huyghens is 18,000 foot above the Mare Imbriuui. 
It is a wonderful field, for here telescopic scrutiny is rewarded with a striking 
series of rocky ridges and gulleys, elevated plateaux and vast cavities, bright 
dykes and dark plots, pyramidal peaks and chaotic masses, forming grand land¬ 
scapes, possessing apparently much character in common with our Alps, Andes, 
and Hunalayas. The nearest summit of this group, towards the well-lormod 
annular and frosted argentine walls of Eratosthenes, is called Wolf by Eeer and 
Madler, by whose micrometric measures it is 11,034 feet in height. And, not 
to be misunderstood, I should here state that, in the expression (Cycle, I. 
p. 131) of the lunar mountains, with certain exceptions, being of moderate 
elevation, it was rather relying on the deductions of i^i than those of others; 
but Beer and Madler {^Der Monde') restore in some degree the altitudes for¬ 
merly assigned by Schroeter. Thus, though it was then said that the Apen¬ 
nines formed the highest range (18,000 foot), I ought to have mentioned thore 
being several peaks of still greater height, as the ring mass named Oasatus, 
22,800 feet high, and Newton, which is said to reach a thousand foot higher 
still: this is probably the most elevated on the face of the moon, for a shade 
of doubt has been thro'wn over Dperfel’s boasted 24,944 feet, on account of its 
lying at the margin of the limb. These heights, unlike the proportions of our 
mundane protuberances, are so great for their location, that the summits can 
never lose sight of the sun, except during eclipses; and, compared with the 
size of the spheres on which they stand—the diameter of the moon being 


I 
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little more than one fourth that of our globe—the lunar mountains, even under 
possible exaggeration, are on a grander scale than those of the Earth. 

Among other contributions to lunar physics, I am happy to cite the three 
phases of the Mare Orisium and its shores by Professor Piazzi Smyth, which 
exhibit that region under three several directions of incident light—new moon, 
full moon, and old moon,—reduced to a mean state of libration. These views 
were taken by my son, at the request of the British Association for th(‘. 
Advancement of Science, in 1864i; and it is to be hoped that, ere the present 
century shall pass away, the whole visible surface of our satellite will hav(' 
been thus delineated (see Edinburgh Observations, vol. xi.)* 

These marked ranges of elevated districts, and the smooth regions be¬ 
tween them assumed to be seas, occasion the well-known aspect which has 
been regarded—in most ages and countries—as a resemblance of the human 
face. In classic times those shades were deemed to represent the effigies ol’ 
a handsome female, as Artemis, Selene, or Sybilla.t The features arc thus 
described by Agesianax, a Greek poet, of whom nothing has been preserved 
but the three didactic lines cited by Plutarch —Be facie in orhe Lunce, which 
may be thus rendered from Xylander’s Latinized version:— 

Over the orb shines a icsplencleut light, 

In micht of which a damsel's face is seen; 

Whose checks, suffused, display her bhislies bright, 

Her eye cerulean, or a pule sea-green. 

The which is certainly a more pleasing notion than that which crept into 
mediceval parlance; namely, that the face pertained to a hoary sinner, who 
Was banished thither for picking up sticks on the sabbath. While some held 

* 1 ought not to oinit mentioning a beautiful model of Uie moon on the small scale of 12 inches, but wonder¬ 
fully exact, which was entrusted to my charge by Sir John Herschel in 1846. It was constructed by Madame do 
Witte, a Hanorerian lady, who made a general outline from Beer and Modlcr’s great engraving, and then filled in 
the details from her own telescopic observations. During the time that it was in my care, I consulted aoino cleotro- 
typists as to the feasibility of multiplying copies of this elaborate gem, but they all shrunk from the task. 

t These early aHuaions may have influenced the fancy of the Dutchman, who published a book in 1704, intituled 
‘O/iTjpoc 'B^patoc, in order to prove that the subject of Homer’s two poems is taken from the Scriptures,—the Iliad 
treating of the taking of Jericho, and the Odyssey the adventures of the Israelites till the death of Moses. Surely 
Gerard Croes and P^re Hardouin had kindred souls 1 
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this to refer to tiim who was stoned to death (NumherSj xv. 32—36), others, 
among whom was Dante, firmly insist upon the Hkoness being that of the 
wicked Cain—Ohmo e le spme. The popular superstition of the old man and 
the faggot is alluded to by Chaucer, and by Shalccspeare; but Milton, too 
sublime for “ pycchynd stak,” merely touches the physics:— 

and as lowest first the Moon; 

Whence in her visage those round spots, unpurg’d 
Vapours not yet into licr substfincc turn’d. 

Although in the Cycle I dwelt not upon luniir influences—which, as 
Johnson observes, have a great power in vulgar philosophy—I have sojourned 
too long in intertropical regions to assort myself to bo entirely sceptical on the 
point, especially as the power of lunar light in intenorating flesh meat, and 
affecting sleepers under exposition to its rays, is sufliciontly patent; although 
jumpers at conclusions declare that the one is caused by a deposition of dew, 
and the other is a result of the temperature of the skin being lowered by 
radiation whilst in an unresisting state. But, on the contrary, I place no 
reliance on the assertion that a red moon, however it may prognosticate wind, 
exerts, or can exert, any injurious influence upon the phenomena of vegetation 
(Cycle, I. page 124); or that its phases should regulate the times for foiling 
• timber. The occasional finely-tinted disc of our satellite which gave rise to the 
proverb for rare events— ‘ once in a blue moon ’—a phenomenon I have more 
than once noted, may be complemental of the former colour, though it seems 
that, if a very vivid red is placed by the side of white, it is the latter which 
assumes a bluish hue. Such phenomena led to the question as to whether the 
moon absorbed all the solar heat radiated to her, or whether, with the light whieh 
she transmits to us, there is not an almost infinitesimal quotum of heat as well. 
Until lately, no satisfactory answer had been given: indeed it was for ages 
thought that the lunar rays were frigorific, at least it was hold to bo proved that 
no heat existed in them (Cycle, I. pages 122 and 123). It was a mistalto. 

Many years have passed since Sir John Herschel commumcatod to me his 
belief that full moons are generally accompanied by clear skies; this may bo 

i2 
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owing perhaps to the circumstance now revealed, namely, that at those times the 
clouds may be dissolved in the higher regions of the atmosphere by the inducneo 
of this warmth of the lunar rays. Sir John’s later expression (Outliuos of 
Astronomy, 1849, page 261) runs thus:— 

“ rhougli the surface of the full moou exposed to us must necessarily he very much heated,— 
possibly to a degree much exceeding that of hoiUng water, yot we feel no heat from it, and even 
in the focus of largo reflectors it fails to aflect thermometers. No doubt, therefore, its heat 
(conformably to what is observed of drat of bodies heated below the point of luminosity) is much 
more readily absorbed in traversing transparent media than direct solar heat, and is cxLinguislied in 
the upper regions of our atmosphere, never reaching the surface of the cartli at all. Some 
probability is given to this by the tendency to disappearance of clouds under the full moon, a 
meteorological/ac< (for as such we tliinh it fully entitlod to rank *') for which it is necessary to seek 
a cause, and for wliich no other rational explanation seems to effer.” 

But imder the severity of recent experiment, besides the temperature 
having been supposed to be perceptibly raised in a condensing mirror of thr(!o 
feet diameter by the Italians, my son Piazzi, in his late experimental trip to 
Tenerifie, by the most delicate physical measurements conceivable, found that 
the heating influence of the moon’s rays amounted to rather less than huK that 
of a wax candle placed at a distance of 15 feet from biTn. Hence it is demon¬ 
strated that she reflects solar heat, and, though almost in a vanishing trace, 
stm sufficient to warrant some of her imputed influences. 

So much for the heat of the moon; and, regarding her light, it is found 
to be defective in all the specific rays which are wanting also in solar light; 
moreover it is polarized in planes conformable to the laws of polarization from 
rough surfaces. Still, with respect to ^guestionBs vexalcB of a lunar atmosphere 
and of the vis matrix of the occultation phenomena (Cycle, I. pages 133 to 136), 
we are precisely where we were. On. this head, a scientific reader of my 
remarks was so persuaded that the stars seeming to run in upon the face of 


♦ “3?roin my own observation, made quite independently of any knowledge of such a tendency having been 
observed by olhOTS. Humboldt, however, in his personal narrative, speaks of it as weU known to the pilots and 
seamen of Spanish America." (Herschel.) To this may be added our own old sea-adages, that The m moon 
onjtgsfiM weather^ and tlial FuU moons eai up clouds. 
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the moon, was obviously owing to the aberration of light, that a sort of alter¬ 
cation ensued. Pailing to enlighten liim myself, I appealed to the arbitration 
of the Astronomer Royal, whose answer to me (3rd August, 1846) was I think 
sufficiently conclusive for my positive but well-meaning friend: • 

I conceive that no theory of abemtion can give the slightest assistance towards the 

explanation of the projection of stars on the moon. 

Whatever he the proper mofions of the star, the moon, or the earth, the wave which conics 
iVom the star past any point of the moon, will come to the eye just as if it originated from that point 
of the moon, and not os if it come lioin an interior point. 

Snt we must not take leave of the sun and moon without noticing that 
their beams bave, under modem drilling, proved to contain somotliiag more 
than light and heat; for there is a positive chemical power that is altogether 
distinct from the more obvious properties of solar mfluenco, and which has 
called the beautiful art of heliography, or sun-drav»dng, into existence. This 
astonishing effect of the solar beams passing by refraction through a lens 
on paper rendered exquisitely sensitive, whether by caustics, metallic solutions, 
or otherwise, is well known; and now it is equally evident that the moon receives 
and reflects this peculiar quality, as woU as the light and boat of the sun, 
though with greatly diminished force—moonlight being but dilutod sunlight. 
Hence Photog-eapht must bo regarded as one of the most strildng wonders of 
modern science, yielding portraits of whatever subjects with a boldness of shadow 
and precision of delineation beyond artistic skill, and on whatever scale may bo 
desired, down to the minutest, requiring oven microscopic aid to render them 
visible. Yet this result is produced instantaneously, in a few seconds, or at 
most in a few minutes, accordiug to circumstances: and it is only in progress 1 

1vrATt.s (Cycle, I. page 148). In consequence of Captain Jacob’s writing from 
the Madras Observatory, that in 1857 the greenish tint, which some observers 
have remarked on certain spots of Mars, was not perceived by him, I scrutimzed 
its disc upder favourable circumstances. Again have I to confirm the Herschelian 
assertion as to the colour of the continents being a dull or brownish red; that 
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of the seas greenish—perhaps by contrast; and the poles, especially the southern 
one, white. But the Captain also says, that the general hue appeared to him 
similar to the general appearance of the Earth’s shadow on the moon, which 
is also considered a variety of green; and that shadow, when not of a palpable 
coppery tinge, always struck him as being of a neutral brown or dun tinge. 
This might be owing to an affection of the eye, to the medium looked through, 
or to both; such differences however are worthy of note in our present irro- 
gxdar chromatism. Captain Jacob’s telescope was by Lerebours, G*25 inches 
aperture, charged with a power of 27*7; and I used the Hartwell refractor of 
inches, under a negative eye-piece magnifying 240 times. 

In speaking of the variability of Mars (Cycle, I. pages. 160-1), of course 
I was alluding to the surprising changes of brightness consequent upon, and 
corresponding with, the great variations of his distance. Now, though a 
practised observer may be woU acquainted with the differences of the mean 
diameter of this and the other erratic bodies of our system, as compared 
with their apparent diameters at ■ conjunction and opposition, yet a diagram 
representing the proportionate or relative apparent magnitudes of Mars, at 
his extreme distances and at his mean distance from the earth, may scrvci 
at once to remind the practised and to guide the young amateur: 



Man at oppoaition or least diatonoo. At mean distonoc. At conjunction or 

greatest distance. 

The Asteroids (Cycle, I. pp. 162-161). In the year 1844 I closed my 
account of these bodies with the elements and particulars of Ceres, PaUas, Juno, 
and Vesta; after the discovery of which, and the discontinuance of Olbers’s 
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search, years had rolled on without further thought on the subject, except 
what was awakened by Cacciatore’s letter to mo from Palermo in 1836 (Cycle, II. 
page 264), in which he lamented that a planet of some kind or other had 
slipped through his fingers. But towards the end of 1845, the astronomical 
community were aroused hy an announcement from M. Honcko, of Driessen in 
Prussia, that, after having spent the leisure of 15 years persevoringly in the 
search, he had discovered another of the extra-zodiacal minors, and named it 
Astraea. It was found to revolve round the sun at nearly the same distance 
as the others, in a plane almost passing through the same nodes, and accom¬ 
plishing its revolutions in 4 years and 52 days; which differs very little from 
the hypothetic prediction of my distinguished Mend the late Baron do Zach. On 
the 9th of January 1846, when this notice was given to the Boyal Astronomical 
Society, I happened to be in the chair, and therefore witnessed the animated 
pleasure—not unmingled vsith surprise—with which it was received by the 
Meeting: and the remarks made that evening on the discovery will bo found 
in the Society’s Monthly Notices (vol. vii. pages 27, &o.). Scarcely had this 
news cooled, ere M. Hencke picked up another fragment, which he dubbed 
Hebe, with a sidereal period of three years and 286 days; and it bofel me 
to be again presiding at this second announcement, when I heard, in the 
course of the evening, the fixed determination of more than one friend to 
seek for additional splinters of the supposed shattered planet.' 

This unlooked-for intelligence was the signal of a new era in astronomical 
research, since, the alarm being given, it struck upon the ears of men who wore 
willing, energetic, and ripe for systematic operations in the ecliptical regions 
of the sky. Besides the professional regulars of the astronomical corps, the 
volunteer amateurs—a body unconnected with any national establishment— 
advanced and did good work; so much so indeed as to reap one-third of the 
unexampled harvest that followed. An.d mark the supply of improved practice 
which ensued on the demand: when Ceres was first singled out, her rating 
as a planet was regarded with grave suspicion, and astronomers wore by no 
means satisfied as to her claims in that respect for a considerable time: but 
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now a gazer would make up liis mind in tHrty minutes. Even in tlie instance 
ol‘ Iris, the first planetoid which fell to the lot of England to catch -up—little 
more than an hour sufficed to mark her one of the errmles, as is woU shown 
by a letter which Mr. Hind wrote to me on the 14th of August 1847 

At half post 9 o’clock last eToning I discovered a new pkuot near the star Piuzzi xix, 396. 
It evidently belongs to the group between’Mars and Jupiter, and may possibly prove to b(5 the 
object seen and afterwards so unaccountably lost by Cacciatorc in 1835. This however is mere 
supposition. It shines as a star of 8‘9 magnitude, and the observed positions are 

G. M. T. At of Planet. S of Plam^t. 

August 13, 35™ 17® 19>> 57“ 30-62s ~ 13° 27' 23-4" 

„ 10 45 19 19 67 28-02 — 13 27 29-0 

■ Wlicnce the diurnal retrogi-adc motion in Al amounts to 51®: the change of dccliiiution being 
very small. 

Such was the effect of the vigorous perseverance jvroused in scouring tlic 
zodiacal latitudes, that we have now no fewer than 5B of those bodies amenable 
to law :* ** and it is with singular pleasure I record that eleven were discovert^d 
in the observatory which was devised and equipped on my plan and counsed, 
by my friend Mr. George Bishop, in Begont’s Park. The finding and winning 
of these physically interesting, but otherwise apparently useless, splioros, wer(^ 
mostly communicated to me by the promptest means; and I have especially 
to thank Messrs. Hind, De Gasparis, Ohacornac, Pogson, and my Annu-ican 
friends Bond, Everett, and Maury, for their ready and cai-ly notifications. 
As to the first of these gentlemen, his appetite for tlie quariy was vora¬ 
cious in the extreme, since ho desisted not till he had captui*ed ton. 

On the 14th of May 1854, I had the honour of proposing Mr. Hind to 
the Council of the Boyal Society for their royal medal; on which occasion 
I was able to support the claim in these unusual terms:— 

Mr. J. E. Hind baa discovered no fewer than ten new planets, and computed tbe elements 
of tbeir orbits—first fi-om bis own observations, and again from those of other astronomers: and bo 
has greatly improved our knowledge of tbe motions of aU tbe members of tbe Planetoidul group, 
by similar discussions, in each case, of all available data. 


* It was only in 1689 that Martin 8zent-Juarry, in his Cuviosiorv^ el seleciioro, VariaruTti Sciejiliurur/tt says* 

** Omnes ^ninq^ue minores Vlanetro, nempe: SaturnnB, Jupiter, Venus, Mars, et Mercurius, sunt,” &c. 
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Mr. Hind has also discovered two new comets, and tended greatly to procure multiplied 
observations of them, and of others, by his rapid calculation and speedy publication of succcasive 
approximations to the elements of their orbits, having tliereby enabled many comets to bo followed 
up through important portions of their paths, wliich would otlicrwisc liavc been lost—as witness the 
momentous and then unique case of his comet of 1847, which was observed at its pcrihcli( 3 n passage 
at noon-day, and in the immediate proxiulity of the Sun, solely in consequence of the accuracy of 
Mr. Hind’s computed places. 

He has moreover discovered an elliptical iicbula, a new clceply-colourod star, and several 
variable stars, including the remarkable changes in S Coucri, of which he published on ephemoris. 
He has strengthened the evidence of a physical connexion between the constituents ol' binary stars; 
and he has accurately mapped and published, for the advantage of astronomers in general, all tlic 
stars in a large part of the ecliptic region of tlic sty, down to and including tlio 11 di inagniUidc. 
These maps cannot lail to be of great utility in promoting the future discovery ol* planetvS and 
asteroids ; in fact, of gleaning the heavens in that very interesting department.” 

There has been much coyness among savans as to the nature and con¬ 
dition of this suggestive group of fragments; and perhaps we must rest on 
our oars for some time yet before opinions are in unison. But from theii* 
exceptional minuteness of bulk, their mean solar distances, and their near 
orbital approximation at the points of mutual intersection—yet differing very 
widely from each other in their obliquity, oxcentricity, and inclination—tlic 
Olbersian hypothesis is really countenanced (Cycle, I. page 167). Still, 
although that theory receives fresh accessions of probability in the discovery 
of every new asteroid, it would be premature as yet to regard it as one of the 
demonstrated truths of science. Their magnitudes are too small for precise 
measurement by any of our present methods, but from free estimation we may 
assign to the generality of them a diameter of 100 miles + : and this is a 
liberal allowance,* since M. Leverrier iinds that their aggregate mass must 
be less than one-fourth that of the Earth, because, if equal to that quantity, it 
would, in course of time, have had such a sensible effect on the solar position 
of Mars, as could not have escaped the notice of astronomers. 

Then look at their cruizing-ground. The perihelion distance varies between 
1*798 of the Earth’s mean distance from the Sun, or about 171 millions of 
miles, for Melpomene, and 2*863, or 272 millions, for Hygeia; while their 
greatest solar distances are included between the aphelion of Elora, 243 mil- 

* According to Argelander, the mean diameter of the first 89 aRteroids « 72*6 English inilos. 

K 
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lions of miles, and 335 millions for Tliemis; and their period of revolution 
about our central orb. between that of mora, or 1193 days, and 2064 for 
Hygeia. Thus the first of these sphnters is the nearest to the sun, and the 
second the most distant. Atalanta is the faintest of the group, and Hestia 
the next, being respectively of 12-9 and 12-5 magnitudes when in opposition, 
the planets and our earth being supposed at their mean solar distance. 

But the windings of their respective paths must long form a most c^ 
tangle for the human mind to extricate, since, unlike the older planets with 
ellipses and inclinations geometiicaUy moderate, the series expressing the co- 
ordinates of these small bodies become extremely complicated and unconvorgont. 
Moreover we Imow next to nothing respecting the retarding influence of an 
ethereal medium (Cycle, L pages 251 and 252), but which, notwithstandmg the 
terrors of the Vacuumites, really seems to exist. There arc still some—aye, 
and A1 men too—who set themselves dead against this conviction, though 
in the present state of the argument they mostly carry fifiler canvass than 
ballast. The labyrinth gets more and more intricate as we dive mto the 
elements of the asteroids. The variety in their orbital inclinations-as for 
instance Pallas 36° and Massilia not 1°—may have arisen from the original 
impulse at the moment either of internal explosion, or external shock, and their 
mutual disturbances while they were yet so near each other that their forms 
had an influence on their attractive force. Even now thoir orbits may bo 
subject to great variations, for some of them are such close ncighbours-Iris and 
Vesta to wit—that their reciprocal pcrtrirbations may probably invert their mean 
distances from the sun. To the Poet’s eye, these planetoids may seem to bo 
“dancing the hays” as they sail along tlirough the fathomless immensity of 
space in intertangled courses, though from their diminutive size no other eye 
sees them unassisted: while, foom the smallness of their masses, the force of 
gravity on the surface of their bodies must be so inconsiderable, says Her- 
schel, that “ a man placed on one of them would spring with ease sixty feet 
high, and sustain no greater shock in his descent than he does on earth from 
leaping a yard;” and on some of them the astronomer w^ould find a length of 
two inches quite sufficient for his seconds pendulum. 
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Some yery angry expletives have been aimed at the nomenclatm’e, -but 
it is ratber firing off wadding than shot; and, from what a friend tells me 
of the example of using modern names, as adopted by Beer and Madler in 
their Selenogi’aphy, it may be apprehended that it would not. be the votaries 
of science who would find the greatest favour (see Cycle, vol. I. pages 436 
and 437).* Happily, the symbols at first bestowed on these diminutive bodies 
are for ever abolished, and Dr. Gould’s encircled numbers universally adopted. 

Who could have ventured to predict half a century ago, that, before the year 
1860, one large planet, more than half a hundred small ones, and a batch of 
periodical comets, would be added to the Solar system as known in 1800 V 
Yet, we repeat, except their geometrical positions, very little is known about 
them; but, in order to arrive at theu* orbits with greater acciuacy, the astro¬ 
nomers of various countries liave organized a division of labour wliicb is 
eminently calculated to harness the asteroids. This has been carried by a 
concerted agreement among themselves, in assigning the task of closely attend¬ 
ing an allotted portion of them to particular public and clficiont observatories; 
each astronomer taking charge of, and making liimself accountable for, exact 
determinations of some five to eight members of this atomic family. In 
October, 1866, the accepted distribution stood thus;— 


♦ When requested to name ®, I was desirous of (jiilliiig it llorus, the son of Isis, the latter having also 
been discovered at O-xford, near the bonks of the Isis, by Mr. Norman Pogson; but, finding the noinonolnture 
restricted to females, I suggested Hestia. This has boon thotighC to borrow too closely on Vesta; but, though the 
latter was the Roman copy of the former, the Greek worship of llcstia differed in several points. A stem moral¬ 
ist might dopur as to the character of some of the Indies who have been thus placed aloft, and who could rebut 
him? While on names, the objection made in America to Hind’s Vidoria should be mentioned, since it appears 
to have been forgotten that our Sovereign bears the name of one of the olden deities; but the objection was hardly 
taken, ere I received the following note on the subject from the Hon. Edwaa’d Everett, which' 1 fortliwith communi¬ 
cated to the Royal Astronomical Society (Monthly Notices, xi. 27) “ I perooive that Mr. Hind has received 

the impression from Mr. Gould (editor of the Astronomical Journal), that the American astronomers wore not 
disposed to acquiesce in the name of Victoria, proposed by him for the last asteroid. When tliat name was first 
proposed, it was considered by some persons to bo inconsistent with tlio principle which had been agreed upon in 
reference to the designation of newly-discovered bodies. But, as Mr. llind states that ho rogm’ds Ficfonb, in thii, 
connexion, as the name of a mythological personage, I cannot think that its comcidonce with that of your Sovereign 
ought to forbid its .use. Mr. Bond fully agrees with me in this opinion, and there is no one in this country of 
higher ahthority than he on any astronomical question.” 
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No. 

1 

Geres 

Copenhagen, Eome. 

No. 

22 

Calliope 

Gottingen, Vienna, Ann Arbor. 

2 

Pallas 

Copenhagen, Rome. 

23 

Thalia 

Berlin, Vienna. 

Cambridge Berlin. 

3 

Jiuio 

Copenhagen, Rome- 

24. 

Themis 

4 

Yesta 

Albany, Rome. 

25 

Phoceaa 

Washington, Berlin. 

6 

Astl'BKl 

Gottingen, Vienna, Ann Arbor. 

2G 

Proserpine 

Cambridge (Eng.)^ Ann Arboi*. 

6 

Hebe 

Altona, Ann Arbor, Bilk. 

Altoua, Albany. 

27 

Euterpe 

Vienna. 

7 

Iris 

28 

Bcllona 

Cambridge (Eng,) 

8 

Flora 

Ciinrbriclge ( Eng,)^ Ann Arbor. 

20 

Ampliitrito 

Altona, Albany. 

9 

Metis 

Cambridge {Efhg.), Ann Arbor. 

30 

Urania 

Cambridge (E^ig,) 

10 

Hygeia 

Altona. 

31 

Euphrosync 

Berlin, Vienna, Ajm Ai'bor 

11 

Paiiihcnope 

Altona, Bilk. 

32 

Pomona 

Vienna, 

12 

Yictoria 

Cambridge [Eng.^ Ann Arbor. 

33 

Polyhymnia 

Berlin, Vienna. 

13 

Egeria 

Washington. 

34 

Cii'ce 

Cambridge (Eng,)i Berlin. 

14 

Irene 

Washington. 

35 

Leiicothca 

Washington, Cambridge (Eiig.) 

15 

Eunomia 

Altona, Albany. 

3G 

Atalauta 

Berlin, Vienna. 

Washington, 

10 

Psyche 

Washington, Berlin. 

37 

Eides 

17 

Thetis 

Washington. 

38 

Leda 

Gottingen, Vienna. 

18 

Meli)Oiiiene 

Washington. 

39 

Ltnlilia 

Altona. 

19 

Forttina 

Altona. 

40* 

Hiu'monia 

Vienna. 

20 

Massilia 

Giittiugon, Vienna. 

41 

Daphne 

Vienna. 

21 

Lutetia 

Berlin, Vienna. 

42 

Isis 

Gdttiugen, Vienma 


May the daughter of the great Zeus, the celestial OvpavM herself, speed 
the labours of this Upa ^aXary^; and, when we shall have attaiaod a greater 
amount of certainty respecting the Asteroids, a close study of their orbits will 
tend to show whether the hypothesis of a large planet’s explosion be tenable 
or not. Although they have no doubt originally been thus created for wise and 
inscrutable purposes, it cannot be denied that all the recent discoveries strongly 
countenance the idea of a tremendous cataclysm having occurred, however little 
such an event may appear to be in harmony with cosmogony. Eor my own 
part as to these bodies, so mmute, yet as facts so essential to all future specu¬ 
lations on the solar system, I have only occasionally looked at them when 
their several discoveries were from time to time announced. Under coaxing 
management in the telescope, the largest of them present a steady, pale disc, 
contrasting with the brighter twinkle of neighbouring stars of apparently Rimilnr 
magnitude; but, as they are off my beat, and had but little of my atten¬ 
tion, I shall here insert their elements as gathered together for me by Mr. 
Norman Pogson, precursing with his remarks to me on their tabulation, dated 
from South Parade, Oxford, July 22nd, 1868;— • 
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As caj'ly as possible I set to "work to prepare tliu recprircd table; but, oh you kindly left mo 
muck liberty as to its arrangcmont, I liaTC drawn it up exactly as 1 know by my own licciuont 
wants is most convenient for inference. I bavc long intended to compile sueb a table lor my own 
private use, but other matters bavc bitberto prevented me. 

You will observe tbat this table is on two pages, of wliicb the first bears the liistorictd details, 
and tbe second tbo elements. I will remark tbat, ut tbc fourtb column ol tbe lust page, by 
adding tbe word Observatory a just distinction is drawn between amateurs wbo devote tbeii lime us 
a labour of scientific love, and those wbo are paid for their work, and only successfully lullil tbcir 
duty. 1 am tbo only loser by such proposal in tbe oases of Isis and Ariadno; but tlicn my right 
to Hestia is completely established. My magnitudes on column 6 arc. to bo iuscrlcd in tbo Nautical 
Abnanack for 1862; they arc identical with Argclaudcr’s, and tborcforc tbe mean oppositwn mag¬ 
nitude, calculated on tbo generally employed ratio of 2,512, becomes an tulduioiitd clement of tbc 
orbit. The seventh column has been fresh computed, and in tbe eigbtb tbe uaines ol tbc ]>ains- 


taking and praiseworthy computers ai’c enrolled. 

We now come to the clement page—in tbo first column of wbicli .the epochs ai-e all ex])roBse.d 
in Greenwich moon time, and tbc frequent recurrence of tbo fraction •9627y is iii censeiinencc ol 
most of tbc elements having been computed for Berlin noon. If prefeinblc, it would be vi.iy 
bttlc trouble to alter tbc mean anomalies, so as to dispense with fractious of a (biy entirely, and, 
for Greenwich mean idme, put Greenwich mean noon. In tbc remaining columns all tlie elements 
have been collected from tbo latest, and apparently tbc best, sources. When tbc w and an 
referred to another equinox than the epoch, 1 have corrected them to tbc date given in column 1 
of this page. I cannot but plead against the expression Lomjitude of Fcnliclion, counted as it is 
partly on tbe ecliptic and partly on tbo orbit; tbc single word is far betUn-. In the last column 
tbe Log. Mean Distance is much more useful than tbo natural numbers. Mean daily sidereal 
motion is so easily obtained if desired, that it docs not merit a separate column, though, if there 
were one to spare, its logarithm would he a convenient addition. 

In reference to this formidahlo array ofliUle planets I may merely niontiou llmL Juno was louiul 
with the smallest telescope ever used for such a pui'i)osc,—only two inches in iijierUire. Irene was 
discovered independently by Do Gasparis just lour days later than by Mr. Hind; hut the finding ol 
Psyche was Do Gasparis’s reprisal for Irene, he therein forestalling Uiucl, though only hy one 
day. Massilia was found independently hy Ohacornac the night after its (Uscovory at Naples; an<l 
in like manner Amphitrite was picked up by myself one flight only alter Marth had secured it. 
Virginia was announced as discovered hy Luther on the 19th ol October, but lorguson had 

preceded him in Washington by about fifteen days. 

Vesta, when favourably situated, is distinctly visible to the nolced eye, and has been so seem 
hy mo; it can become much brighter than Uranus. Small planets may exceed their mean opposi¬ 
tion-magnitudes hy two magnitudes, or more than six times their whole (piantiiy ol light, 07h our 
ratio; or, if the-Earth be in poriliclion when the planet’s opposition occurs near its aphelion, it 
may fall as much short of the mean value; but I firmly believe that all the fancies about their 
variability arc mere imagination, tliough 1 once indulged in a similar belie! about Lis, 

Hestia is the faintest but one (Atolanta) of the small planets, and Argolander was astonished 
that I could observe it with the Smythian telescope, which has only 3*6 inches of clear aperture; in 
most oppositions it will be absolutely invisible with that iiislTumcnt, excellent as it is 
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HISTORICAL TABLE OF THE FIFTY-FIVE SMALL PLANETS. 


„ Numcilcnl 

Ntime. Symbol. 


Moan 

Oppoidtlon 

tude. 


Onlciilntor of 
KlouimitN. 


Cores . , 
Pallas , 
Juno . 
Vesta . 
Afltroa . 

Hobo . 
Irifl. . 
Flora . 
Metis , 
Hygoia 

Partlieiiop' 
Victoria 
■Rgeria. 
Irene , 
Eunomia 


Psyobe 
ThotiH . 
Melponioii' 
Fortuna , 
Moasilia 


Lute tin 
Gttlliopo 
Thalia . 
Thomia 
Phocoa 


Proaorjjinu @ 

Euterpe . @ 

Bcllona . (sa) 

Ampbitrito (3) 

TT_ 


Eupliroayuo duj 

Pomona . ® 

Polyhymnia @ 

Circe , . ® 

Leucotbca (aaj 


Atalanta . 
Fidea . . 
Leda . . 
Lmtitia 
Hormonia 



Piazzi . . 

Olbors , , 

Harding 
Olbeis . . 

Hencke. . 

Honcke. . 

Hind . . 

Hiinl . . 

Graham 
Do Gasparia 

Do Gaaporis 
Hind . . 

Do Gasparis 
Hind . , 

Do Gasparis 

Do Gasparis 
Luther . . 

Hind . . 

Hind . . 

Do Gasparis 

Goldschmidt 
Hind . . 

Hind . . 

Do Gasparis 
Chncornoo 


Palormo Obsorvatory 
Dromon ... * 
Lilioiithal .... 
Bromon .... 
Drieasen .... 


Nemausa . 
Europa 
Calypso . 
Alexandra 
Pandora . 


Ferguson . 
GoUlscbmidt 
Cbacornae . 
Clmcornao . 
Lutlipr . , 

Guldsclimidt 
Luther . . 

Cbaoornac . 
Cbacornae . 
Goldsolimidt 

Goldsobmidt 
PogBon , . 

Pogaon . , 

Goldselimidt 
GoldscbniitU 

PogBon , . 

Luther . . 
Goldschmidt 
Goldschmidt 
Ferguson . 


Laurent, . 

Goldschmidt 
Luther . , 
Goldschmidt 
Searle . . 


Drieasen. 

Mouth Villa Obsorvalory 
South Villa Observatory 
Markree Observatory , 
Naples Observatory . . 

Naples Observatory . . 

South Villa Observatory 
Naples Observatory . . 

South Villa Observatory 
Naples Ob8Gi*vatory . . 

Naples Obsoi'vatory . , 

Bilk Observatory , . 

Soutli Villa Observatory 
South Villa Observatory 
Naples Observatory . . 

Paris. 

Soutli Villa Observatory 
South Villa Observatory 
Naples Observatory , . 

Marseilles Observatory . 

Bilk Observatory . . 

South Villa Observatory 
Bilk Observatory . . 

Soutli Villa Observatory 
South Villa Observatory 


Washington Observatory 

Paris. 

Paris Obsorvatory . , 

Paris Observatory . , 

Bilk Observatory , . . 


Paris .... 
Bilk Obaoi'vatoi’y . 
Paris Observatoiy 
Paris Obsorvatory 
Paris .... 


Poria. 

Badcliifo Observatory 
lladolid'e Observatory 

Paris. 

Paris. 


Oxford. 

Bilk Observatory . , . 

Paris.. 

Paris 

Washington Observatory 

Marseilles Observatory . 

Paris .. 

Bilk Observatory, . . 

Paris , . 

Dudley Observatory . . 


1801 Jon. 1 

1802 March 28 
1804 Sep. 1 
1807 March 29 

1846 Deo. 8 

3847 Julyl 

1847 Aug. 13 

1847 Oct. 18 

1848 April 26 
1840 April 12 

1860 May 11 
1860 Sep. 13 

1860 Nov. 2 

1861 May 19 

1861 July 29 

1862 March 17 
1862 April 17 
1862 June 24 

1862 Aug. 22 
1862 Sop.19 

1862 Nov. 16 
1862 Nov. 10 

1862 Dec. 16 

1863 April 6 
1863 April 7 

1863 May 6 

1863 Nov. 8 
1854 March 1 

1864 March 1 
1864 July 22 


1864 Sop. 1 
1864 Oct. 20 
1864 OoL 28 
1866 April fl 
1866 April 19 

1866 Oet. 6 

1856 Oct. 6 
1860 Jan, 12 
1866 Fob. 8 

1866 Maroh 31 

18, 6 May 22 
1860 May 23 

1857 April 16 

1867 May 27 
1867 June 27 

1867 Aug. 16 
1867 Sep. 16 
1867 Sep. 19 
1867 Sop. 19 

1867 Oct. 4 

1868 Joji. 22 
1863 Feb. 6 
1868 April 4 
1868 Sop. 10 
1868 Sep. 10 


Schubert 

Parley 

Farley 

Farley 

D’AlTQBl 

Luther 

Schubert 

Brllunow 

Wolfers 

Zeeh 

Luther 

Briiimow 

GUnthur 

Briihus 

Trettonoro 

Klinkorfues 

Sehoenrold 

Bruhns 

Powolky 

OUutlier 

1..0Hsur 

Homustoin 

Schubert 

Kriigor 

Giliithcr 

OiidemauB 

Giintlier 

Bruhns 

Giluthor 

OUnthcr 


Winnoeko 

Lesser 

Pape 

Anvers 

RUmker 



Pape 

Seeling 

Weiss 

Gussow 

Lowy 

Watson 

Ooltzen 

Powalky 

Powalky 

Stookwell 


Forster 

Murmann 

Oeltzon 

Schjellonip 

Mbller 
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ELEMENTS OF THE 

ORBITS OF 

THE FIFTY-FIVE SMALL PLANETS. 


Kpccli of J'HomeolB. 
(Jreyuwich Mean Tlmo. 

M 

Mean Anomaly. 

Poiiliohon. 

11 or ft 

Ascending Nude 

Excentrlclty. 

t 

Inclination. 

log a log 
Mean Distance 

1869 Sop. 9. 00000 

1860 Aug. 4. 00000 
1869 April 30. 00000 
1869 Oct. 3. 00000 
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JupiTEii (Cycle, I. pp. 167 to 184.) The volume here cited had hardly 
been, launched, before it was foxmd that on. page 168 (line 10 ab imo) the printer 
had mistaken a 3 for an 8; and, altering the figure into a word, the error was 
overlooked on the proof-sheet. This, however, would not probably lead to 
any blunder, for it was obvious to the “meanest capacity;” and moreover the 
ratio of surface gravities is shown on the bottom line of the same page. 

The stupendous disc of this large planet is a truly interesting object, and 
still demands closer attention; but, not being upon my regular worldng agenda, 
it has only been occasionally viewed by me. Although its light has neither 
the brilliance nor the wliitenoss of that of Venus or Mercury, the mild lustre 
of its surface is at once pleasing and beautiful, which soon led to a critical 
examination of it after the invention of telescopes, and the consequent discovery 
of both bright and dark spots upon it (Cycle, I. p. 171.) Latterly, however, 
there had been neglect in the matter, on the common delusion perhaps that 
all had already been done which could be expected. Thus we dozed till the 
year 1849, when the Bov. W. B. Dawes perceived some very remarkable 
white dots on Jupiter, wliidi he likened to the circular craters on the moon. 
On the 27th of March of the following year Mr. LasseU saw them in his 
20-foot equatoroal reflector, and sent the sketch of these singular objects to the 
Astronomical Society, from which the engraving is made that appears in their 
Monthly Notices (vol. x. page 134). Again, in May 1850, Professor Schumacher, 
of Altona, observed four or five of these features on one of the belts, which 
he thus describes—“These white spots are most remarkable. They are all 
perfectly round, distinct, and bright. The largest of them is as distinct and 
woU-dofined as the disc of a satellite appears in a 9-foot reflector. They arc 
striking phenomena, keeping their relative positions as they are carried .along 
by Jupiter’s rotation, and there are no other similar spots on his disc.” 

It so happened that, when this tocsin was sounded, I was not in observing 
action; and as, when operations re-commenced, my efforts were otherwise 
directed, the Jovian spots were not borne in mind. Assuredly such neglect 
ought not to occur where a fine equatoreal is in use, but it affords another 
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proof, if proof were wantiag, of the necesaity of a division of labour to meet 
cases even in astronomy. Matters remained in this state with me till the 
13th of October, 1867, when I received a letter from Sir William Keith Murray, 
of Ochtertyre, mforniing me that while gazing upon Jupiter on the 6th of 
that month—^but his own words will be beat:— 

Allow me to thank you for your note, and J shall not fail to look for the objects tluiL you 
mention the fii'st clear night. I have lately b(^eii testing Cooke’s 9-inch objcct-gliisa on j 
Anclromcdfls and other objects, and am glad to say it promises well. Of the colours of tlio first, A 
is oitinge, b pole yellow, and c smalt blue: there is no doubt about 0, but u is very pale—neither 
rod nor blue—a pale yellow, as well as my oyc and apparatus as yeL can dctcrmincj. Tliis uiiiy 
account for die blue-green colour in smaller iiisti-uincnls? 15 and o were beautifully clear, round, 
and sharp; indeed 1 was quite smprised with the perfection of dcfinitioii. Towers 500 and 850. 

On the 6th (October) at midnight, after bebig engaged witli visitor for two hours, i turni’d 
the instrument on Jupiter to semtinize the details of* tlic belts, anil humcdiatcly perceived two 
nearly equal, wcll-dcliiied, wliite bright spots, followed by some irregula]’, miauite white marldiigs 
wliich defied my eye and instrument. At 1, I eould no longer pcrecivo them. I liavo again seen 
tliem, but too ttnlavoui'ably to judge of any change. Powers used, 240 to 350. J shall not fail to 
watcli them on every promising occasion. 

The two hu-gcr spots were bcautilully defined, and seemed about the same proportion, relative 
to size, as the disc of the first Batcllitc. What is known of these spots? Can tliey bo the ice and 
snow seen through openings in their clouds? 

To this letter the scientific Baronet appended an illustrative pen-and-ink 
>sketch of the surface of Jupiter, with the fijst satellite outside the disc as a scale, 
of which the follo^ving is a pretty faithful fac-similo: — 



L 
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A little time before this, Mr. Dawes bad been observing these macula?, 
and had also clearly made out five of them, as in the preceding diagram; on the 
31st of October, he communicated the description and views which appear in 
the Astronomical Society’s Monthly Notices (vol. xviii. pp. 6—8); which 
account was followed by further observations and drawings on the 10th of 
December. To these the reader is referred for the amount of information we 
are as yet in possession of, respecting these curious iudications. My own 
hours were pre-occupied, insomuch that, though imbued with its physical 
import, I could only afford a very casual attention to the subject; but by 
pointing the telescope upon Jupiter, two or tliree times a gleamy mottled 
whiteness was caught on the equatorial belt. On the fine evening of the 
4th of December, I saw a bright round spot on the planet’s southern bolt, 
under a magnifying power of 416; it was well defined, and so distinct that it 
had the semblance of a satellite transiting the disc. However, on lowering 
the power to 66, I found that all the satellites wore outside the planet. .Mr. 
Dawes appended a note of this observation to his above-citod letter. 

A word more before quitting Jupiter. A very important suggestion has 
been thrown out by Sir John Herschol, which should bo home in view by 
those amateurs who would spend their time advantageously in determining 
the comparative intensities of Hght in the stars, so as by-and-by to enable us 
to obtain a better rating of their magnitudes—a most desirable end. Dor the ad¬ 
vancement of such a purpose, Sir John recommends this magnificent body as 
a photometric standard of comparisonSuch a standard (he says,) is oflbred 
by the planet Jupiter, which being much brighter than any star, subject to 
no phases, and variable in Ught only by the variation of its distance from 
the sun, and which moreover comes in succession above the horizon at a 
convenient altitude, simultaneously with all the filled stars, and in the absence 
of the moon, twilight, and other disturbing causes (which fatally affect aU 
observations of this nature), combines aU the requisite conditions.” Lot our 
numerical valuers, sequence framers, and photometric star-meters look to this! 
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The Satellites oe Jepiteb, (Cycle, I. page 176 to 176). In speaking of 
the visihmty of these objects, I mentioned my want of success in gazing for 
them in the year 1814, with the unassisted eye, at the Oa>sa Inglese, on the 
foot of the cone of Mount Etna, the door of which casa I ascertained to be 
9,692 feet above the sea at Catania. I have now to add my son’s trial of 
ulked eye observations made on the Peak of Teneriffe, during his “Astro¬ 
nomical Experiment” in 1866. His two stations —de los Ingleses— 
were respectively settled by him as being severally 8,903 and 9,710 feet m 
height: “ the stars shone brilliantly as seen from Guajara, and, caused the 
dome of the skies to appear resplendent with glory; the Milky Way was a 
magnificent feature in its scenery, and the zodiacal light towards morning 
was stm more remarkable. Jupiter also was surpassingly brilliant when high 
in the heavens after midnight; but I could never see his satellites with the 
naked eye, not even when eclipsing the planet behind a distant lava ridge.” 

Satebn (Cycle, I. pages 186—202). In opening the account of Saturn, 
and mentioning the dislike with which ho was regarded by the ancients, it 
ought also to have been said, that all duo attention had been paid to his march: 
and an observation of his being two digits below the star in Yirgo’s southern 
wing (7 Vwgmia), in March 228 B.o. is preserved in Ptolemy’s Almagest. 
Since the volume above cited was printed, the enormous globe—the wondrous 
riags—and the attendant moons of the “plumbeous” planet have undergone 
an unusually rigid telescopic overhaul; by which Messrs. Struve, Dawes, 
Bond, Main, de Vico, Secchi, Lassell, Schmidt, and others, have brought 
various most interestmg facts to light, notwithstanding its immense distance. 

In the shape of the body, the parallelo-grammatic distortion 

assigned to it by the Herschels, and countenanced in a measure by Struve, is 
now imputed to some optical delusion, for the figure, according to the accurate 
micrometio measures of Professor Bessel and the Rev. Robert Main, at 
Kbnisberg and Greenwich, is proved to be all but a perfect ellipse, the eq^ua- 
torial diameter being to the polar as 1000 to 903. Again, astronomers have 

L 2 
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ovinced great solicitude for tlie Saturnians, I’egarding their dismally long win¬ 
ters. Sir John Herachel, in his second edition of Outlines of Astronomy, ob¬ 
served, relative to the ring, “ in the regions beneath the dark side, a solar eclipse 
of fifteen years’ duration under their shadows must afford (to oui* ideas) an inhos¬ 
pitable asylum to animated beings, ill compensated by the faint light of the 
satellites; but we shall do wrong to judge of the fitness or unfitness of their 
condition from what we see around us, when perhaps the very combinations 
which convey to our minds only images of horror, may be in reality theatres 
of the most striking displays of beneficent contrivance.” This subject has 
been thoroughly ransacked by the late Dr. Dionysius Lardner, in a very elabo¬ 
rate essay which was read to the Astronomical Society in March 1863, and is 
published in the twenty-second volume of their Memoirs (pp. 40-102); in which 
he shews the effect of situation on tlie surface of the planet in modifying the 
phenomena presented by the rings. The results of the doctor’s investigation do 
not confirm the neaidy general opinion, that the rings hold an almost invariable 
position among the stars; and that consc(iuently the long and dreary fifteen 
years of solar eclipse advanced, must be impossible. 

The elder Herschel was the first to notice that the shading of the inner 
img was not uniform, but gradually became darker towards the interior edge, 
giving the ring a convex appearance. In 1861 Dawes perceived a streakings 
in the shading off, giving the semblance of a aeries of naiTow, concentric 
bands, looking like steps leading down to the black chasm between the ring 
and the ball. Dour such divisions were distinctly made out, and the impression 
he received was that they wei'e separate rings, but too close together for the 
interstices to be seen as black lines. 

Among the marvellous telescopic revealments of late years, is the discovery 
of the mner slate-coloured annulosity between the ball of Saturn and the bright 
ring, by Mr. Bond of the Cambridge Observatory in America, on the llth of 
November, 1880. This being notified to me, I placed the document before the 
Royal Astronomical Society, where it was read on the 13th of December, I860, 
and thus entered in their Monthly Notices (vol. xi. p. 20):_ 
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Wc bollcvG that no iiilonTiation has been rucoivod diveclly from Mr. Bond, but Guptaiii 
Smyth has had a letter from the Hon. Edward Everett (dated 2Gth November last) J’roin 'which the 
following extract is taken:— 

“ Mr. Bond has lately announced the discovery of a third ring of Saturn, interior to the othci 
rings. This is not to be confounded with Struve’s supposed resolution of the other rings, 
which Mr. Bond’s observations do not confirm. The now ring is believed by Mr. Bonil to 
be tliickcr than the otlier rings. Before ho had ascertained its existence as a separate laxly, and 
while he thought it was a part of the inner one of the hitherto knu^vn rings, ho supposed that the 
thickness of the latter was not uniform, but that it incroiisecl towards the planet, lliis appearaneo 
he now refers to the greater thiekness of the edge of tlic newly diseovered ring. Ho is ejitirely 
confident of the reality of the discovery; and, such are Mr. B.’s accuraey and caution, that I think 
it may fully be depended upon. Ho will before long communicate 'to the American Academy a 
full account of it.” 

Tliis aTmounceuieiit excited great nitteutioii in Ajnoi'ica, Riid the tippeRi'iiTict' 
of mcreasiag breadth of the new dark ring brought Mv. Bond to the condusiou 
that it cannot he of a solid consistency. Extending this conviction, lie con¬ 
sidered the discrepancies so often occurring, as to the visibility or otherwise 
in the annular divisions, which could not result from surface asperities, or 
coherence, and at once declared hhnsclf satisfied that the observed changes in 
form and position were in obedience to the laws of equilibrium appci-taitiing 
to floating bodies. In this he was powerfully followed by ProJhssor Pierce,* 
who demonstrated, from purely mechanical considerations, the possibility of 
the rings being streams of fluid, somewhat denser than water, flowing round 
the planet, and that the sustaining power for the support of these wondrous 
appendages exists in the satellites exterior to the ring system. Bo this as it 
may, there are those who apprehend tliat if the said system does not exist, as 
hath been supposed, in a state of stable equipoise, we may expect sooner or 
later to see the rings unite with the body of the planet. 

We are, however, ahead of our story! Without being aware of the 
American observations, on the 26th of tliat same month of November, Mr. 


* I had the iileasure of proposing this able geometer in 1852 for a foreign membership of the Itoyal Society i 
and he was the first United-Statesman thus honoured; for Franklin was horn a British subject, and was a 
regular F.lt S., having been elected into that body in April l7r)G, 
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Dawes was astonislied on finding this same unexampled phenomenon. He 
immediately made a diagram of it in his journal, wliich drawing he soon 
afterwards brought to my house in London to inform me of the curious 
incident; wherefore I feel perfectly intimate with its independent English 
discovery. On the 3rd of December he shewed it to his friend Mr. Lassell, then 
on a visit to him at Wateringhury, and who was thereupon convinced of the 
existence of a new and dusky ring next to the body of Saturn. The further 
interesting researches of Mr. Dawes on this alluring topic, on the years 1861 
and 1862, are detailed in- the publications of the Royal Astronomical Society. 
This truly-zealous observer suggests, as worthy of consideration, whether the 
fact of the recent emergence of the southern side of the ring, after a total 
absence of sunshine for fifteen years from it, may not have had some effect in 
rendering the novel feature visible: and he conjectures, with Professor Pierce 
and Mr. Bond, that the semi-transparency of the marvellous aureole is duo to 
its being composed of water, or some similar fluid. Time and ulterior means 
will probably yield satisfactory explanations; but meanwhile it is clear that 
we have an additional Saturnian hoop revealed to us, apparently consisting of 
matter which refl.ects light much more imperfectly than the planet, or the 
older known rings; and, what is stiU. more extraordinary, transparent to such 
a degree, that the body of the baR can be seen through it. So obvious an 
evidence of physical action occupied a considerable share of my attention, but 
with httle other result than exciting my wonderment. With the Hartwell 
equatorial the stranger has a very crapc-like aspect, and, from its inferiority 
in brightness to the other i;ings, it resembles a bevelled or chamfered con¬ 
tinuation of the series, for I could not define the black interval revealed by the 
gigantic refractors at W^ashington and Pulkowa. Por the fullest details and 
measurements of the ball and rings of this most puzzling system—this living 
evidence of cosmogonic power—I must recommend the Uranian reader to the 
Annals of the Astronomical Observatory of Harvard OoUege (vol. ii. part i.) 

The following is an accurate representation of the Saturnian disc and 
hoops, as seen by Mr. Warren de la Rue on the 27th and 29th of March, 1866, 
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with his Newtonian reflector of 13 inches aperture. He obligingly presented 
me with the original beautiful drawing by himself, from which this exact 
xylographic engraving was cut by Mr. Thomas Cobb . 



But hold! Is the unique phenomenon herewith shewn, really and 
altogether a new discovery, or a restoration ? Tor it seems, that, so lar back 
as the Newtonian days, Hadley had remarked “ that the dusky Ime which, in 
1720, he observed to accompany the inner edge of the ring across the disc, 
continues close to the same, though the breadth of the ellipse is considerably 
increased since that time. On the other hand, neither Hersehel 1. nor Schrcetor 
produce any evidence of the dusky appendage having been discerned, although 
both those acute observers made remarks on the blachness of the intervening 
space; nor does a suspicion of its existence seem to have struck the elder 
Struve, when he made his admirable measures of this planet in 1826.* How 
such men, armed with such powerful instruments, watched Saturn closely 


* Yet Schiller has been itnpressed into the service, being supposed, among the objects that he describes, to 
allude to it as that which lies before all eyes, surrounds it for ever, but is seen of none 

“ Das alien vor Augeii 

Liegt, eucli ewig umgibt, aber von Keinem geselin.” 
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Without suspecting the dark ring’s existence, is really a matter of marvel, 
unless it is allowed to intimate a periodical visibility. 

At length a shade of revoalment on this point came to hand, for my worthy 
correspondent, Padre Secchi, was assured that the penumbra .inside the ring, 
as well as its projection across tho haU, had been remarked at Eomo ever 
since the year 1828; yet without any further attempt being then made to 
ascertain its nature. In June 1838, the dusky appearance was distinctly 
perceived and duly reported by Dr. Galle at BerHn. Still this attracted Httlp 
attention: indeed, though actually seen, its composition was not comprehended, 
nor was the wonderful appendage even recognized as a ring. But in tho 
foUowing summer he again caught sight of it, measured its breadth as 2125", 
and made drawings thereof. Ho now described it as a gradual shading off of 
the inner ring towards the surface of the planet, as if the solid matter''of the 
ring were continued beyond tho limits of its illuminated part-this extension 
of the- surface being rendered visible by the emission of a very feeble light, 
such as would attend a penumbra upon it. Also in 1839, M. Madler remarked 
on the constancy of the equatorial belt; and that ihe dark zone attached to 
the rmg was due to the attraction of the ring upon the waters and atmosphere 
of the planet, giving both observation and theory. 


In rS the Satellites of Saturn. Shortly after my account of those bodies 
was published in the Cycle, (vol. I. pages 197—202), I received a letter from 
Sir John Horschol, dated from Collingwood, November 29th, 1846, from which 
the foUowmg extract, pointing out a curious relation between the periods of 
the four mtenor satellites—was communicated by me to the Eoyal Astro¬ 
nomical Society’s Meeting, on the 12th of the foUowing December 

Being on He mhjo.t of He satellites of Satnn., I wiU mention here a singulnaity wHch 
Hough hvious enough, has not (so far as I am awore) been noticed before, riz. H^thc pcriocUc 
UmcoF »tolhto (to i„ aw A. 

penodic time of He second precisely half Hat of the fourth. This is far too remarkable and close a 

laTto HeL rf being a certainty) the extension of tho 

w He first (a law so out of the way and imUkcly) would of itself be evidence of its real 
(existence, even had it not been (aa it now certainly has been) re-observed. If such atoms perturb 
one another s motions, Hero must be some very odd secular equations arising &om His singularity 
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It is not worth while to make a formal communication of such a thing to the Astronomical Society; 
but if you think it worth your verbal mention at the meeting, it may bo interesting to those (if any) 
who arc busy about satcllitary perturbations.” 

In Vol. I. of the Cycle, page 201, I remarked that confusion had arisen 
from the indefinite nomenclature of these satellites, whether according to tho 
thoir order of discovery, or their order of distance; for these two inothods could 
not he brought to coincide. Since that time Sir John Herschel has proposed 
some weU-devised mythological designations for them, beginning with that 
neai'est to the*planet, and finishing with the exterior one; and their adoption, 
though somewhat of a tax upon memory, will necessarily correct the disorder. 
But the proposition must be given in his own words: — 


Ill tlic nomenclature above used tbc satellites reckon outwardH from the ccnlvc, ho veil in 
nn ml)or; but as tins practice is even yet not become general among ustronoinota, and as 1 liavo 
(build the cq[uivoquo practically annoying, and a source of frequent eiTor and mistake, I have used, 
for my own convenience, and shall continue to do so in what follows, a mytbological nonicnclature, 
which however I do not presume to rocomincnd to tbc adoption of others, though T am persuaded 
that some nomenclature other tlmn the equivocal one now in actual use will be foiuid nec'cssary by 
all who observe tlicsc bodies. The names I have followed are as follows:—for 


The cxtc'rior satellite, discovered by Cassini .... Japetus. 

Tho bright satellite discovered by Huyghens .... Titan. 

Tlie exterior of tlic three satellites discovered by Cassini , . Rhea. 

The iutermediate of these tliree discovered by Cassini . . Dione. 

Tlio interior of them discovered by Cassini ..... Tethys. 
The exterior of the two discovered by Sir W. Iloi'schcl . . ^ Enc^ladus. 

The interior, and smallest of fill.Mimas. 


As Saturn devoured his children, Iris family could not be assembled 


__ ^ ^ round liim, so tliat tlie 

choice lay among his brothers and sisters, the Titans and Titanesses {vide Lcmpriorc.) Th(^ name 
rlapetus seemed indicated by the obscurity and remoteness of the exterior satellite, Titan by the 
supcrioi* size of the Huyghenian, wliilc the three female appellatives class together tho three intor- 
lucdiatc Ctissinian sateliites. The minute interior ones seemed appropriately cliaractoriacd by a 
retium to male appellatives, chosen firom a younger and inferior, though still superhuman, brood. 
Should an eighth satellite exist, tho confusion of the old nomenclature will become quite intolerable. 
1 am not aware that a distant satellite of Jupiter (analogous to Japotus and our moon) lias over 
been looked for,—would it not be worth a search? 


M 




82 


OBLESTIMj ctolb. 


The seventh satellite, Mimas, has been deemed the experimentvm crucis 
of performance in the largest telescopes, and few were the eyes that had 
perceived it even with them; and I must own that all my endeavours to make 
a personal acquaintance have been repidsed, with perhaps the exception of 
the instance stated in the Cycle, page 202. Here astronomers had rested for 
sixty years, when the eighth satellite, which had indeed loomed to the almost 
prophetic mind of Herschel, started into view: for though Saturn was already 
the moat richly furnished of any of the known planetary systems, there was 
this other moon detected on the 19th of September, 1848. Now -what rendered 
such discovery stiU more impressive, is the singular fact that Mr. William 
Cranch Bond in America, and Mr. LasseU in England,* both became aware 
of its existence and-character nearly at the same time. LasseU’s report, with his 
suggestion to name the stranger Hyperion, was placed before the itoyal Astro¬ 
nomical Society previous to any mformation having been received from Pro¬ 
fessor Bond (see the Monthly Notices, viii. p. 196). On the 10th of November 
of the same year, I happened to be in the chair of that society when Mr. Bond’s 
welcome announcement was made; and I communicated orally some further 
details on the subject which I had received from my intelligent and valuable 
correspondent, the Hon. E. Everett, as evidenced by the following extract, 
forming a striking incident in the history of the advent:— 

What a singular oomcidcnce that a discovety so nearly simultaneous should have been made 
of the new satellite of Saturn at Cambridge (in America) and at Liverpool! In a short paper tliat 
I read to tlie American Academy, announcing liiG discovery (before we had heard from Mr. Lossell) 
I proposed to call it Prometheus, Hesperus, or Hyperion, all names from the family of Saturn. 
Mr. LasseU, in a letter to Mr. Bond, written before the news of the discovery at Cambridge had 
reached Liverpool, proposed Hyperion. The .American Academy referred the subject of a name 
to a committee, and the committee left it to Mr. Bond, who, as the first discoverer, seemed best 
entitled Lo give the name. He decided for Hyperion. 


* Of course this interesting discovery being made in Mr. Lasseirs observatory, with a telescope moreover of his 
own making, he is entitled to a full recognition; but it ought to be added that his friend Mr. Dawes was in the 
observatory with him at the time, and suggested the method by which the stranger was proved to be a satellite in 
the short space of two hours and a half. This was by calculating the hourly motion of Saturn, and applying the 
micrometer, instead of mapping and diagi’amming the positions of the objects for comparison on the next fine night. 
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Tile elements of tMs new body have not been accnrately ascertained as yet; 
though we accept, as being near the mart, that its distance from the parent- 
planet is about 940,000 miles, and its period for passing around that primary 
may be estimated at 21 days 4 hours and 20 minutes, in an orbit more 

eccentric than is the case of any other satellite.* 

TJbanus (Cycle, I. page 202). I stated that this planet was, of all those yei 
known, the most remote from the sun, so that its oi’bit consequently embraces 
those of all the others. This supremacy, of which it had so recently deprived 
the long invested and mighty Saturn, endured but for a short time; for since 
I made that remark, the wondrous introduction of Neptune has for ever 
placed a stopper on the usurper, increasing our boundary to an extent 
which would have surprised those who demonstrated that Saturn’s rings, satellites, 
and size, palpably equipped him for the outpost sentinel of our spheres. 

After what was advanced under ^ Oapricorni (Cycle, I. page 4*70), 
n.nd having been assured by the best possible authority that “they are 
the devil’s own objects to observe,” I no longer sought a familiarity 
with the satellites of Uranus; but, the planet becoming importantly interesting 
from the theoretical researches of lie Verrier and Adams, and its position 
since th<>n having annually improved in loc 5 ,tion for observers, I several times 
took advantage of a lucid and diaphanous sky to scrutinize his body. My 
hope was, by raising the planet’s spurious disc as high as it would bear a 
sharp margin, to ascertain whether I could detect any oblateness, or dUipticity, 
in its form; but under every management it always appeared circular. Larger 
instruments have been applied to the same object, without gaining any direct 
evidence of an appreciable difference in the polar and cquatoreal diameters, 


* On quitting Hyperion, I ought to add another extract from Mr» Everett’s letter, for its ingcnuoufl warmth : 
“ I wish you would procure for Mr. Bond senior (William Cranoh Bond), the honour oi an election to the Itoyal 
Astronomical Society. Ho is an observing astronomer of the highest order, ncciu'atc, untiring, possessed of mar¬ 
vellous optical quickness and tact, and modest to a fault.” I am happy to say that Mr. Bond was unanimously 
elected an Associate of the Society on the following 12th of January, 1849. He died on the 20th of January 
1859. The vacancy thus made was Gllcd by the election of his distinguished son, Mr. George P. Bond, 

M 2 
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SO ttat both Otto Struve and Lasaell pronounce Uranus to be round. This, 
however, from obvious causes, is as yet problematical; though, from the im¬ 
proved means in the hands of observers, there are strong reasons to hope 
that all doubts will be cleared off ere long. 


Satellites or Uilanus, Perseverance and measures of the highest order 
have been devoted to these minute yet very suggestive bodies, since my 
account was printed (Cycle, I. pages 207-210). In that brief smnmary I 
tabulated the periodic times of the second and fourth satellites, as deduced 
from the observations of the two Herschels and Lamont; but anew mastci*- 
raind subsequently discussed the affair, {ind the numbers now stand thus: — 


Second Satellite. 


Period, according to Sir W. Hersclid’s lalor obaervationa 
Sir John Hcrsclicl, by a compariaon of hia own obaewationa 
with hia lather’s • . . . . 

Dr. Lamout, horn mcoanres taken at the Mnnich Observatory ■ 
Mr. Adams from the combination of all the observations 
between 1787 and 1848 ■ . . . 

PoijRTH Satellite. 

Period, according to Sir W. Horachora latcat calculation 
Sir John Herschcl, by a comparison of obaervations between 
1787 and 1832 ...... 

Dr. Lament, from Munich observations 

Mr. Adams, fi’om the whole series of observations 


T). 

n. 

M. 

s. 

8 

16 

56 

6-2 

8 

16 

66 

31-.3 

8 

16 

56 

28-65 

8 

16 

56 

24-88 


13 

11 

8 

59-0 

13 

11 

7 

12-6 

13 

11 

7 

5-92 

13 

11 

6 

55-21 


A considerable degree of uncertainty stiU obtains, regarding those sateUites 
which Sir William Herschel discovered at a later period than the above two. 
The more recent observations by Mr. LasseU at Liverpool, and Otto Struve at 
Pulkowa, have decided the existence of at least two moons within the orbit of 
Herschel’s second, or the closest of the brighter ones. Struve seems to have 
detected a third satellite, perhaps the interior one of the elder Herschel; and 
LasseU also observed another, which was presumed to be the one brought 
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forward by Struve; but this, agreeably to the computations of the Rev. W. 
Tt. Dawes, could not be the case, since Lassell’s object would seem to have 
a poiiodic time of 2* 2'* 39“ 36®, while the observations ol Struve can only 
bo satisfied by a pei’iod of 3"^ 22*' 8‘“ 36®. This was about all we knew with 
respect to those matters in the beginning of 1848; and on the lltli ol January, 
1863, Mr. LasseH wrote from Valetta, in Malta—where ho had established his 
20-foot ecjuatbreal telescope—as follows:— 

Suxvcyccl TJr&aus willi (^powBv^ 1018 under Ji Hue sky uud OidmirtLblo clcliiiitiou, tlio disc 
uppeoring perfectly round, and having ii rcvnarkiihly hard uud sharp edge. On this ueetisioii, as 
well as many others, wlricli I liavc not thought it necessary to parliculnrisc, 1 carofully scrulinized 
the ncighhoui'hood of the planet to the distance oJ 5^ (rom his centre, lor the tliscovery ol othei 
satellites. In the course of this scrutuiy I made many measurements and diagrams of tlu! positions 
of small points of light, which idl tiuiiod out to be stars; and 1 ciuiuotnow resist the conviction, 
amounting indeed, in my own mind to certainty, that Uranus has no other satellites visible with my 
eye and optical means. In other woids, X (im fvXly pcvsuQdlQd that dtliCT Uq has no othsv sct/'Cllilott 
than these four; or, if he has, they remain yet to he discovered. 

Notwithstanding this declaration, the question is far from being settled, 
and the result of the discussion seems to be that, at present at least, the periods 
and distances of four satellites are known with tolerable accuracy; and that, 
though several others undoubtedly exist, yet wo require more definite informa¬ 
tion about them. Hence while some, in full reliance on the elder Ilorscliol, 
and Icnowing the intricacy of the discordances, reckon eight of these followers 
to Uranus, astronomers in general restrict themselves to four only, which are 
by some considered to be mythologically designated after members of his family. 
But surely the names claim a more fanciful pedigree in fairy-land; nor is it 
possible to confound Shakespeare’s elegantly beautiful Titania with the coarse 
Titana, nm'se of the Odpaw8ai.—a wench who coolly countenanced bloody 
sacrifices and all sorts of child-murder, could never have danced, and sung, and 
sentimentalized as the gay 4ueen of the Dairies was wont to do. 

The following are the approximate elements of the several satellitary orbits, 
the distances being expressed in equatoreal radii of their primary; and the 
periods of their revolution are given in mean solar days;— 
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No. 

Name. 

Siderool Revolution. 

Moan (liatanco. 



d 

ll 

m 

s 


T 

Ariel. 

2 

12 

29 

20 G6 

7*40 

U. 

Umbriel. 

4 

3 

28 

8 00 

10,31 

ni. 

Titania. 

8 

16 

56 

31-30 

IG’92 

IV. 

Oberon. 

13 

11 

7 

12-60 

22-66 


Neptune. Since the publication of my Cycle of Celestial Objects, human 
intelligence has made one of the most magnificent discoveries that ever rewarded 
astronomical study, by adding an important link to our system, containing 
an amount of matter sufficient to form more than one hundred such worlds as 
ours. It is indeed a truly glorious developement: and when the grand result 
of hold analytical theorising from mysterious effects had led Reason to the 
exact position of an unknown attracting body, and to trace out its cloments, 
the most enthusiastic admiration of the two great geometers, Le Verrior and 
Adams, was fully awakened throughout the civilised world. It was a triumi)h 
of intellect to which nothing in modern times can be compared, and it stamps 
an era which must for ever be memorable in the history of physical investi¬ 
gation : an exploit equally signal and edifying. , 

Rrom causes pretty obvious, this advent was followed by feelings which 
in some quarters descended to misrepresentations, and perversion of facts; 
and, as circumstances placed me in contact with some of the consequent pro¬ 
ceedings, I was much appealed to. "Wishing therefore to give a general view 
of this deeply interesting incident to those officers who might have possessed 
themselves of the Cycle, I sent a somewhat detailed account to our professional 
periodical, the United Service Journal, in May, 1847. This was written off 
at the moment with all the impressions fresh, and was soon afterwards slightly 
enlarged and amended for private distribution. As a trusty friend thinks 

that the said hrochwre ought now to appear in the present volume, because 

■ 

copies of it are adrift, I have consented to reprint it in the Appendix. This leaves 
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me at liberty here to begia at once with the elements of the newly-recog¬ 
nized Neptune, as computed by Professor Kowalski—with several recent cor¬ 
rections—for the epoch 1860, January 1*0 Berlin mean time:— 


Mean sidereal revolution (164'595 years) solar days . 

60119'40 

Mean synodical revolution^ solar days .... 

367*49 

Mean longitude.. 

334'^ 36' 29*0" 

Mean orbital motion in a solar day .... 

21-65707" 

Ditto per annum 

2° 11' 13*86" 

Longitude of perihelion . 

50° 16' 39*1" 

Inclination of orbit to plane of ecliptic .... 

1° 47' 0-9" 

Longitude of ascending node. 

130° 7' 45*3" 

Eccentricity of orbit, half major axis as unity 

0-0091740 

Greatest equation of centre ...... 

1° 3' 5" 

Mean apparent diameter (37,646 miles) about 

2-713" 

True diameter, earth as unity . ... 

4*758 

Moss, sun as unity (tvttj). 

0-00005836 

Mass, earth as unity. 

20-72 

Volume, earth as unity 

107*7 

Density, sun as unity ....... 

0-763555 

Density earth as unity 

0-1924 

Mean distance (2,862,175,000 miles) that of earth as unity 

30-033861 

Hourly motion in orbit, in miles. 

12464 

Proportion of light and lieat from sun, earth as unity 

0-0011086 

Mean arc of retrogradation. 

2° 50' 

Duration of retrograde motion, in days .... 

159 

Apparent diameter of sun as seen from Neptune 

63-93" 

Greatest elongation of Uranus ..... 

39*8° 

Greatest elongation of Saturn ....»• 

18-5 

Greatest elongation of Jupiter. 

10-0 

Greatest elongation of Mars. 

2-9 

Apparent diameter of Uranus in inferior conjunction 

7-07" 

Apparent diameter of Saturn in inferior conjunction 

7-91 

Apparent diameter of Jupiter in inferior conjunction 

7-96 

Apparent diameter of Mars in inferior conjunction 

0-55 

Such are the elliptical elements of a body which, at 

one swoop, extended 


our boundary from 1800 millions to nearly 3000 millions of miles from the 
sun; and, although this body obeys the mandates of solar attraction, yet, so 
vast is the distance, that it could not be drawn to the central body by the 
centripetal force in less than 13,632 days, or about 37 years, though falling 
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with a weight more than twenty times that of the earth. The terrestrial pound, 
from the greater size of the sphere, would weigh only 14oz. lOdr. on the surface 
of Neptune, and for the same reason a heavy body would descend through 
X4i''lZ feet only in the first second of time. Relative to the brightness of 
his day, and the amount of solar heat which he receives, it is plain enough 
by rule that, being 30 times more distant from the sun than the earth is, ho 
receives only a 900th portion of the light and heat which we enjoy; but this 
estimate rests on the supposition that his atmosphere resembles ours, that the 
solar light is received under like physical conditions, and that it acts upon 
visual organs of a similar structure with o'ursj which assumptions are by no 
means unquestionable. Were a well-adjusted railroad established between the 
sun and Neptune, an express train averaging 36 miles per hour, without stop¬ 
pages night or day, would be 9,329 years on the journey between those 
celestial orbs: but that subtile agent, light, which we know moves with 
a velocity that could carry it eight times round our globe during one boat 
of a pendulum, would be able to perform tlie feat of arriving at our present 
outpost in 4h. 9m. 12s. 

Here then is Neptune, our hitherto unknown companion, rolling on in 
ceaseless majesty, and describing a grand orbit, which beyond doubt is stable, not¬ 
withstanding some apparent anomalies. It may have reirolutionary inequalities 
of very long duration from reciprocal attraction; and Mr. Adams, with un- 
tirhig energy, has already computed that Neptune produces a periodical 
perturbation in the motion of Uranus, the circuit of which is 6,800 years. 

A satellite of Neptune was discovered by Mr. Lassell, at the Starfield 
Observatory, in October 1846, and the following are its details:— 


Sidereal revolution, tiround its priiuaiy ... fid 21^ 

Apparent seim-axis major of orbit .... 16-98''. 

Actual mean distance from Neptune in miles . . 235,800, 

Inclination of orbit to ecliptic about . . . 29°. 

Apparent magnitude as seen from the, earth . . 14th, 


The appearance of this planet is that of a' stajr of the 7th or 8th magni- 
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ludo, and in the HaitweU telescope it is a well-defined circular body, with a 
steady pale greyish tint; but I certainly did not folly appreciate the grandeur 
of this Ultima Thule until I saw both him and his satellite in Mr. LasseU’s 
gigantic equatoreal at Liverpool, on a beautiful night in September 1866; I 
was then indeed awed, for the object was grave and suggestive 1 

Here, by the vouchsafed powers of mind and hand, a world unthought of from 
the Creation down to our day was before me—yet one which had traced its orbit 
for an infinity of ages, as a component body of our system. The sight recalled 
\ oung s vision of orb above orb and circle in circle without fin d_ 

Wliat involution I wliat extent! wtat swarms 

Of worlds, that laugh, at Earth I immensely great! 

Immensely distant from each other^s spheres! 

Wliat, then, the wondrous space tlirough which they roll? 

At once it quite ingulfs all human thouglit; 

^Tia comprehension’s absolute defeat, 

Halley’s Comet (Cycle, I. page 213). I made mention of a Norman 
Chronicle wliich showed the right divine of William to invade England— 
" how a star with three long tails appeared in the sky; how the learned 
declared that such stars appeared only when a kingdom wanted a new Tri-ng ; 
and how the said star was. called a Gomette." Since that was published I 
have carefully tried back—upon intervals varying from 76 to 79 years as the 
duration of each revolution—to see what ancient notices of comets would fit 
tho perihelion passages of Halley; and the result strongly indicates that the 
blazing star which alarmed Europe in 1066 was the one in question. As it 
arrived upon an important occasion, so it assumed an aspect which excited as¬ 
tonishment and dread, being equal to the full moon in magnitude, with a 
train, or bunch of tails, at first short, but which increased to a wonderful 
length. The writers of the eleventh century bear friU testimony to its splendour: 
and according to tho evidence of the Bayeux Tapestry, embroidered by the 
English damsels of Queen Matilda, the Conqueror’s exemplary wife, it thus 
fixed tho gaze of the doomed King Harold’s courtiers— 
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This grotesque representation, executed in coarse needle-work, may be con¬ 
sidered a tolerably fair though yery ugly likeness of Halley, at that appa¬ 
rition: and it is probably its earliest authentic portrait. Tlve old Nuremberg 
Ohronicle indeed exhibits (fol. cMi.) it for the year A.n. 684, but from what 
authority the staid xylographers of that recondite work took it, does not 
appear. Mr. Hind, in his descriptive treatise on Comets, gives the epoch of 
its perihelion passage as 684’80; and he says that, in the same year, “ Ma- 
tu-an-lin, the Chinese historian, makes mention of a comet which was ob¬ 
served in the western heavens, m September and October. This agrees with 
the course of Halley’s, because its perihelion passage fell about the middle 
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of tho latter month, and, as the interval would agree well, we may infer 
that there is a fair probability of their identity.” According to the Nurem¬ 
berg sages, this advent portended as great misery as three successive months 
of heavy rain, thunder, and lightning could bring—such a destructive ele¬ 
mental scourge, indeed, as was never before known in Rome or Italy. The 
following is a fac-simile of the effigies there given of it:— 



Comet,OF 1680 (Cycle, I. pages 224 and 227). The periodic time of 
only 575 years, assigned by Halley to this body, requires revision, since Encke 
Sind other computers with increased experience, deriving that element from 
tho exccntricity and the perihelion distance, are inclined to extend it to 806, 
if not to 8800, years. Halley’s short period therefore would allow.of an aphe¬ 
lion distance only one-fifth of that deduced by Encke. 

Comet of 1811 (Cycle, I. pages 218-219). This grand body, with its enor¬ 
mously bulky head, has been much discussed since the apparition of Donati’s 
beautiful stranger of lb68, as to the respective splendour of the two. Indeed 
I was so frequently appealed to about them, that I wrote to Mr. Glrant, the 
Editor of the Royal Astronomical Society’s Monthly Notices, and wiR here 
extract the passage from the xixth volume of that work (pages 27 and 28): 

In re the magnideent comet,—I have been closely attending to its fine figure, and am asked 
on various sides, as I had the advantage of having minutely watched both, which I thought the 

N 2 
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most splendid in appearance, tliis or tliat of 1811? Now, to my memory, whicli is very distinct, 
the palm must be given to the latter. As a mere sight object, the branched tail was of greater 
interest, the nucleus with its “ head veil” was more distinct, and its circurapolarity was a fortunate 
incident for gazers. But, recollect, that in these remarks I mean nothing disrespectliil to the 
Donati. On the contrary, with those exceptions, it is one of the most beautiftil objects 1 have ever 
seen in the heavens. The head is certainly not so fully pronounced as in that of 1811, but greatly 
IS its physical interest increased by segments of light and a dark hollow, giving the aspect a rescan- 
blance to the gaslight called a bat’s wing. This dark line or space down the centre of the brilliant 
phenomenon, not only had the direct tendency to stregthen the luminosity of the jets of light, in 
the manner observable in the burning of a wax taper, bu.t also, on a fuller scrutiny of this singular 
characteristic, to recall its striking resemblance to the similar feature seen in water-spouts, and in 
the pillars raised in sand-storms which I have witnessed in North Africa. 

But, in order to show this matter more clearly, I have selected Jrom a 
publication of the day, the following view of Blaugergue’s comet as it appeared 
during the autumnal months of 1811 , with a bifurcated and lengthy train, 
a view which really recalls it well to my recollection:— 



Comet of 1811. 

Yet tliis wandering body is calculated to recede from the sun to a distance 
fourteen times that of Neptune. Think ! 

Mr. Maclear, the indefatigable Cape astronomer, writes that he remembers 
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the comot of 1811, and considers that neither it, nor Donati’s, are comparable 
in splendour to the great one which appeared in 1843 (see Cycle, I. page 247). 
iiiis assertion is also home out by two paintings in my possession—night and 
day views of that glorious phenomenon—by my son Charles Piazzi Smyth. On 
those grounds then, added to its descriptions and measurements, with a tail 
of more than 60° in length, the great comet of 1843 must be rated the finest 
and most remarkable, as yet, of the present century, though my own expe¬ 
rience, from my being in English latitudes, was limited to perceiving with an 
opera-glass, a long and narrow, pale, luminous streak in the S.'W. regions, between 
Orion and Lepus. It indicated, however, a tremendous comet; and even imagi¬ 
nation is overpowered on recollecting that this wanderer, under the reins of 
gravitation, carried its perihelion approach to such unexampled proximity as 
to drag its planetary nucleus to within 96,000 miles of the solar surface, which, 
says Horschel, exposed it to the .heat of 47,000 suns such as we experience 
the gonial Warmth of I The physics of these bodies are under strict and in¬ 
creasing mrveillcmGe: insomuch that more will no doubt be known by astro¬ 
nomers respecting this admirable comet, about four centuries hence, when he 
shall have completed the period of his revolution. 

The mediaeval writers generally describe comets as glaring with fearful 
and terrible aspects, significant of malignance: but had they seen Donati last 
September and October, with its pure effulgence and graceful ostrich-feather- 
like iorfoction of the tail, they must have pronounced a different sentence. 
Those of thp present generation who gazed upon its beauties, which includes all 
but those who regard stars as sheep do, are not likely to forget the magni¬ 
ficent spectacle exhibited to the naked eye between seven and eight o’clock 
on the evening of the 6th of October, when it glided majestically over Are- 
turus, without dimming its brilliancy in the least, although its head was only 
about one-third of a degree from the star. The latter shone remarkably white 
during the appulse, especially at 7** 16“, when it entered the central dark void 
of the comotary appendage—which was then flitting with unusual animation. 
The curvature of the tail, which might be estimated at about 24° in length. 
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appeared tlie more elegant from this incident, but it had indeed been equally 
so for several mornings and evenings to the unassisted eye, marked moreover 
with a peculiar brightness of feature on the convex side; and the application 
of a binocular opera-glass, magnifying only three times, certainly represented 
the characteristics on the 30th of September, as engraved below . 



Donati’s Comet. 


At this time it was still about 70,000,000 of miles from us, and tlicrctbre 
its physical aspects were somewhat puzzling : but the astronomers on the planch 
Venus must have had a glorious view of this comet, since it passed them within a 
ninth part of the Earth’s mean distance from the sun, wherefore they had a narrow 
escape. Here the oscillatory motion of the nucleus—the hooded sectors and 
streams of light in rapid evolution—-the cuspidated disks and aureoles-and 
the dark axial space down the envelope which so greatly perplexed our vision 
here, could be well examined there, unless terror scared observation away. 

Comet oe long pbbiod (Cycle, I. page 248). Since I mentioned that 
the great comet of 1264 and 1656 should he looked for again, it has received 
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much attention from the coinetary investigators; among ■whom Messrs. Hind 
and Bomme have particularly distinguished themselves. Some wild predictions 
gave as much alarm to the excitable Parisians, as Biola’s did in 1832 (Cycle, 
I. page 254), and the terrors of Charles V. scorned to ho ro'vived. Yet the 
alterations in the elements required to bring about a collision, arc too largo to 
be admissible, not-wdthstanding there is some degree of dubiousness in the 
determination of the orbit in 1666, deduced from observation only. Th(‘ 
chance of our being enveloped in the tail, or having it swoop over us, is of 
course greater. The time of its ro-appoarance, supposing the comete of 1666 
and 1264 to be identical, is doubtful between ]867 and 1861, ow'ing to the 
impossibility of fixing the position of the perihelion and inclination of the orbit 
in 1656—from uncertainty in the data—within sufficiently narrow limits to allow 
of an exact computation of the planetary disturbances. 

Comets of short perioi) (Cycle, I. pages 219—266). Since tlio publi¬ 
cation of my former work, this branch of astronomy has been cultivated with 
such attention, that instead of the three—Encko, Eaye, mid Biola, which 1 
therein recorded—the short-period comets are now increased to six, with a taiv 
promise of more; and they stand thus in order of discovery:— 


Namew. 

Aphfllion (liHt. 

Puriliolion diHt. 

roriort. 


Milob, 


VOOTH. 

Eiickt^ 

390.010,000 

32,120,000 

3*296 

lUcla 

590,100,000 

81,600,000 

6-617 

Faye 

665,200,000 

. 161,300,000 

7-440 

De Viw. 

478,300,000 

113,300,000 

6-469 

Broreem 

637,760,000 

61,950,000 

5-681 

D’AmiBt . 

.647,900,000 

. 111,900,000 

6-441 


There are six others that wore suspected of describing small elliptical 
orbits at the time they were discovered, but whose peidods are not yet accu¬ 
rately ascertained: they are, one seen in 1748, Messier’s of 1766, Pigott’s of 
1783, Pen’s of 1819, Blanpain’s of 1819, and that of Peters in 1840. Those 
are mostly nebulous patches, which, but for their highly interesting physics. 
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would be barely worth looking at. Of these, Encke may prove the most 
valuable (Cycle, I. pages 263 —6; and Chapter IX. of this book), as being the 
first and probably the best for establishing the painful and humiliating fact of 
the existence of a resisting medium—an hypothesis involving the fin al destruc¬ 
tion of our whole system in the course of ages: but Biela * has kindled the 
greatest alarm (Cycle, I. pages 263—6), from its orbit nearly intersecting 
ours, especially at the nodal passage of 1832- I adverted to the prevalent 
consternation of that day, although perhaps there would have been but little 
danger to us in case of a collision, for it seems pretty certain that the earth 
would pass through the gaseous intruder like a cannon-^ball through a fog- 
bank. Since my description, however, of this all but invisible object, it 
exhibited a most astounding---because as yet unexplained—phenomenon during 
its apparition in 1846. On the night of the 13th January of that year, as 
lieutenant Maury, of the Washington Observatory, was gaziog at it, he perceived 
another small comet, one or two minutes to the north, and about the same 
distance to the west, nothing of which was visible on the 12th. This strange and 
unprecedented appearance was also detected in England by Professor ChaUis 
on the 16th of January: he informed me—as President of the Eoyal Astro¬ 
nomical Society—of the fact in a letter from the Cambridge Observatory, dated 
January 23rd, 1846, at 9^ p. m.— 

I liasten to comrnunicate to you a most extraordinary fiict about Biela*s comet. On the 
evening of Jan. 16, when 1 first sab down to observe it, I said to my assistant, ‘ I see two comets.^ 
However, on altering the focus of the eye-glass, and letting in a little illumination, the s mall er of 
the two comets appeared to resolve itself into a mmute star with some haze about it. I observed 
the comet that evening but a short time, being in a hurry to proceed to observations of the new 
planet. Casualties and press of occupation prevented my observing the comet again till this 
evening. On first catching sight of it, I again saw fwjo comets. Clouds immediately after came over 
and continued to obscure the comet for half an hour. My suspicions were roused. I searched to sec 
whether any nebula was near the comet’s place, but could fiud none in the catalogues. When the 


• No one valued poor Gambart—as well for his lon-Jitmmxe as for his talents—more than I did: but, though he 
independently discovered this comet at Marseilles on the 9th of March, 1826, Biela had caught it up at Josephstadt 
ten days sooner, namely on the 27th of February. Now as both astronomers computed its orbital elements, and 
both recognised its periodicity, Arago's illiberal complaint about the name must be allowed to evaporate. 
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clouds cleared ofF, on resuming my observuLions, J suspected at first siglit that both comets had 
moved. This suspicion was abundantly confirmed by ulterior observations. The two comets liavc^ 
certainly moved in ecjual degree, retaining tlieir rcllltivc^ ])ositions. 1 compared both with Piazzi 
0.120, and the motion of each in 50"^ was al)oiit 7» In aiul 10^' in N.P.D. Wluit can l)e the 
meaning of this? Are tlicre two independent comets? Or is it a friWr-r?/comet V Or does ray 
glass tell a false story ? I incline to the o]>inioii that this is a liinary or double comet, on account 
ol'niy suspicion on elan. 15. But I never heard of such a thing, Kepler Huppo»sed iliat a certain 
comet separated into two; and for this Pingre siiid of him, “ Alhpiando hunus dormilat Humerus 
I ara anxious to know wliellun* other obseuwers liavc seen the same thing: in the mean while 1 
thought, with the evidence 1 have, I had better iiot delay giving you this infonmition. 1 will 
write again immediately that I ara able to confirm this puzzling jfiLciiomenou. 

Being in Eclinbnrgli when I received this eonnnnnieation-whither I had 
repaired to plant my son 0. P. Smyth on Carlton Hill—I showed it to luy valued 
old friend Sir Thomas Brisbane, President of the Royal Society of that 
metropolis; find, as' We wont there together in tlie evening, the letter was 
read to tlie meeting hy Professor James Porhos, and excited great attention. 
TJireo days afterwards, Mr. Challis again addressed ino on this sulycct:— 

J bog lo lay bol'orc you the following iidiliLioniil particulars rcRjiccting the present cxtraonlimuy 
appearance of Bicla’s conu't. Hk‘VC arc’, c(ni4Liidy two conu'ts. The norrli ])r(M'.cding is l(*ss bright, 
and of less apparent djamet(*,r than the otlicr, and, as seen in tlie Nortluimberlaud U‘lcH(H)])t‘, has a 
minut(» Htcllar nucleus. I coinj)arcd the two comets independently with A. S. (h 51 on tin* eveming 
of Jan. 23 and flan. 24, and ohfcaiiuul the following jilaces:— 

PiH‘ceding Comet. 

(U’uwiwich moan timo. AlofOomot. N. P. D. of OomoL. 

Jan. 23, 71‘ 8^ lPJ)fi . . . . 0^^ 25« 5fi-()8« .... 91° 9' 30T'' 

24, 7 1 19-2 .... 0 29 ia-4() .... 91 14 35*2 

l^'ollowing ComoL (Biela’s). 

Jan. 23, 7^' 1™ 17-7« . ... i)^ 0-88» .... 91 11 31*6 

24, 7 2 58-5 .... 0 29 23*51 * ... 91 IG 42*1 

P>y reducing the places of tin* following comcit to the same epochs as those of the preceding 
comet, 1 find:— 


(4ro(‘iiwi(!li moan time. 

DiiT. yil of tho 
(nomotH. 

T)iff. of N.IM). 
of tho ComeiH. 

Jan. 23, 7'^ 

gm 

i]-y . . 

.5'18. 

. . . 123-0" 

24, 7 

1 

192 . . 

.5-11. 

. . . . 126-6 




Anglo uf Poaition. 

Distuiioo. 

Jail. 23 . . 


. 

.... 327° 43' . . . 

. . . . 146-4 

24 . . 

, , 


.... 328 48 ... 

. . . 148-0 


0 










celestial otolb. 
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Tlic greater apparent distance between tbc comets on January 24, is partly accounted, for by 
tbeir approaebing the Eartb. Tlio increment of apparent distance on this account in one day is 
1-6", supposing both comets to bo nearly at tlic same distance from tbc Eartb. I saw tlic comets 
again yesterday oveniug, but took no observations. The relative positions were apparently unebanged. 

1 tliink it can scarcely be doubted fiom tbe above observations that tbc two comets arc not only 
apparently but really near caob otbor, and that "they are physically connected. Tbe smaller ont> 
when I saw it on January IStli was faint, and might easily have been overlooked. Now it is a very 
conspicuous object, and a telescope of very moderate power will readily exhibit tbc most singular 
celestial phenomenon that baa occurred for many years—a double comet. 

We were all, as it were, taken aback; from wbat bad bitberto been examined 
as a single body, thus seommgly disintegrating into two distinct systems, caeb 
with a nucleus and tail of its own. There could exist no doubt as to the 
reality of the pbenomonon, as tbeir distance increased at tlie rate of about V 
in arc per week, lint tbe evidence is not suflicient to explain how Biola 
divided into two parts, yet allied by some inscrutable bond—even to occasionally 
throwing slender gaseous arcs across to each other; and alternating reciprocally 
in brightness, they continued tbeir journey together through space for upwards 
of three months, before they receded out of sight. Prom those duplex nebu¬ 
losities appearing to he governed by some mysterious law, many have hold tbe 
separation to be owing to a repulsive force having overcome the central 
attraction of the mass. Here the energy of the electric in comjiarison of the 
gravitating force, as exerted on matter of equal inertioe, is brought under sus¬ 
picion: this is treading on hot ashes,—but in August and September, 1852, 
they were seen again by several astronomers, after the completion of their usual 
orbit, still similai-ly situated relative to each other 1 Yet, after all the various 
explanations and “ opinions quaint,” which have gone forth, the occurrence may 
only be owing to two distinct comets, one occulting the other, and, as the nearest 
hove ahead of the outer one, a relative change of position and distance 
would take place: still the retrocession was not rapid enough to indicate 
much difference. There is now reason to think that, by being better prepared for 
each periodic return, and from the zeal and ability of an increasing corps of 

observers_armed with improved means of observing, and a scmpulously exact 

method of registry—we shall learn something more about them, and thus extend 
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our critical insight into the nature and condition of those ethereal bodies, as well 
as of the regions through which they roam, 

A GLANCE AT THE SlDEllEAL HEAVENS. 

The ineehatic spheee (Cycle, I. page 207). Since that page appeared, 
tlie wonderful expanse between our solar system and the stellar regions has 
been probed with such skill and perseverance, that wo now doom Parallax to 
have been finally detected in eight several outposts of the incomprehensible 
celestial boundary; if that can bo termed boundary wMeh has no limit but 
in the weakness of our faculties. 

In 1847, the elder Struve printed his Mudes d'Asirormme Stellawe for 
distribution to his Mends, among whom I had the honour of being included. In 
that interesting work, the able philosoplier notices the speculations of Galileo, 
Kepler, Huyghens, Wright, Kant, Lambert, Michell, and Sir William Horschel, 
on the structure of the heavens and the distance of the stars, together with tlie 
applied labours of Argolander, Pcssel, Miidlor, Sir John llcrschel, and his zealous 
son Otto Struve. He th(3n proceeds to his own researches on the Milky Way, 
in wliich he determines the law of condensation of the stars towards a principal 
plane; and he calls attention to the singular view taken by Dr. Olbors rea])ecting 
the extinction of sidereal light in its passage through celestial space. But the 
point to which we were chieHy drawn is the abstract of the then unpublished 
but truly grand inquiry of Mr. Petprs, of the Pulkowa Observatory, on stellar 
parallaxes. On this authority the mean distance of stars of the first magnitud<' 
may be estimated at 986,000 times the radius of the Earth’s orbit, or so remote., 
that their hght only reaches us in 151 yeai-s. 

In pressing the peruser to pause a little on the mighty abyss which sopai'ales 
our known system from the stars, it may be useful to enter more into detail; 
and, although the human imagination can but Jaiutly grapple with the astound¬ 
ing figures of the theme without using colossal miits, wo will have recourse to a 
scale of geographical miles, as more familiar to many readers than orbital radii. 
Quitting cannon-balls, then, and railway trains as “ slow coaches,” we must 

0 2 
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recur to light, rusbiug along at the wonderful rate of eleven or twelve millions 
of miles in every minute of time.* Yet even this subtile element would 
require the number of years assigned below to traverse the several distances 
there enumerated, and which are considered to be pretty well established 


Nonios. 

Millions of mil 08 
dibtaui. 

Years. 

a Centauri 

21,608,000 

3-6 

61 Cygui 

65,983,600 

, . 9*3 

. 12-4 

Wega 

74,632,000 

Sirius 

130,435,000 

. 21*7 

Polaris 

. 184,870,000 

. 30-7 

Capella 

. 425,980,000 

. 70-7 

9tli mag. stars {Feiera) 3,696,000,000 

. 586-0 

31 Messier 

260,870,000,000 

. 43,312-0 


A word upon this last instance, because, tremendous as its distance must 
be deemed, it is really but a stepping-stone to other objects existing within the 
reach of our assisted vision, but the light from which would require mov(^ than 
a million of yeai-s to reach us. 31 Messier, however, is in every way of deep 
importance to the sounding of space (Cycle, II. page 16), smee Sir William 
Hersohel, after a rigid scrutiny, concluded it to be the least distant of all the 
great nebulm. By his elaborate gauges he considered its distance to bo about 
2,000 times that of Sirius, which was then held to bo the nearest star to us, 
and not as inserted on the previous table. Cassini assigned Sirius a parallax of 
0", and Lacaillo’s determination of 4" ivas confirmed by Piazzi (Cycle, II. page 


* This flssnredly is swift enough for our pm-pose; but Wheatstone shows that the velocity of electricity through 
a copper wire, exceeds that of light through space 1 The reason for our expressea contempt of that old e-xpoiient 
of swiftness the cannon-ball will bo palpable whon wo state, that, while light might dy to us from Neptuno in very 
little more than four hours, a 32-pound shot, driven hy the old Ml-servico charge of one third its weight in good 
powder, and going on at tlic initial volocil.y with which it (piits the mouth of tlio gun, namely l,fi00 foot per 
second) would require fl20 years t.o perform the same journey. 

Before quitting these long series of numbers, it may prove nsefnl to iimatoui’s to insert a warning, that billions 
among tbe continental nations are understood to contain three places of figures less than with us; that is, our 
billion is the compact epithet for 1,000,000,000,000, or a luillioii of millions, whereas on the continent the epithet 
is changed to billions at a thousand millions, thus, 1,000,000,000 is one billion. 
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102). But, .since tlie opinions of Horschel wore promulgated, tlie masterly 
observations oC Henderson and Maclear, made niider all the latest instrumental 
rolinoinents, have boomed off tliat beautiful star to a parallax of only 0‘23", so 
tliat, instead of the nebula’s light requiring merely 6,000 years to arrive here as 
formerly advanced, it must take full 43,312. 

Tbo vast intermediate gulfs—insensible to any gravitation, which separate 
our system from the stars, the stars from each other, and the clusters still more 
from the ncl)ul £0 beyond them—are doubtlessly so placed by an Omniscient 
ordination, to maintain the stability of the whole. Yet no human mind can 
fully coiuprohcud the magnificence, complexity, and harmony of so stupendous 
a scheme; for, if we were carried to 31 Messier, the subhme perspective beyond 
of orb upon orb, would still continue. Even thought itself fails in estunating 
the material universe: still men, and apparently sane men, have absurdly 
bostirr(Kl themselves to cast bonds around infinitude, materialize the design, and 
limit the faculty oi‘ the inscrutable Obeator I 

VAiiiAinjJS STARS (Cycle, I. pages 272-4). Since those pages were written, 
this very important class of celestial phenomena has been dihgently watched from 
various stations, but more especially by Argclandcr abroad, and by Hind and 
J’ogsou in England ; insomuch that the list of them has been very considerably 
cnlavg(id and is still increasing. But it must he borne in mind, that varia¬ 
tion in the light ol’ certain slurs is by no means a proof of periodicity, nor must 
ho who gazes in full moonlight compare his observations with those caught 
during our satellite’s absence, though the difforonco is simply the effect of an 
optical contrast. Yet, under the best available scheme of photometry, so general 
is the ])roperty of this stellar wavering of light, as to induce Herschel to think 
that about one in every thirty of the stars that are visible singly, exhibits an 
occasional moasurahlc change of lustre; the fluctuatious in some cases are very 
considerable, and the irregularities perplexing. It is perhaps one of the richest 
of the all hut unexplored mines in extra-meridional astronomy, and those ardent 
mvam who have taken the field, have had most encouraging success iu breaking 
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ground; but, although our practical knowledge of poriodicany-variiiblc liiiui- 
naries is also, greatly enlarging, then’ physical nature is still a sealed myshny. 

Mr. TTiTifl has noted that variable stars, especially the fainter ones, have 
generally a ruddy tint, on which Arago dilates thus: -“Might thovo iu)i be 
some connexion between this remark and the observation made by the same 
astronomer, that variable stars at the instant of their minimum brighl.iu'ss 
appear smTOunded with a kind of fog? Supposing the existence of this 
fog well established, we should be on the road to the explanation of these 
singular phenomena. Perhaps we may arrive at tlie conclusion that a stav’.s 
variations of brightness are due, not to a perfectly opaque plauet revolving round 
it, but to cosmical clouds, which, by a similar movement of rovolutiou, would 
he successively interposed between those bodies and the earth.” llowevc'v this 
may prove to be, it must be received as a fact in the discussion, that niiu' of 
Hind’s variables are recorded as being red, and one absolutely emwow, lik<‘ 

"a blood-drop on the black ground of the sky.” The fog or haze at the minimum 
was palpably obvious, and, in several, very decided changes of colour took placi' 
at different stages of the period; for instance, E Gcminoriira, iumouncKid by It.s 
discoverer as passing through blue, yeUow, and rod during tlio gi’adations of 
its lustre, which is fully confirmed by Mr. Pogson. Besides the detection of 
the above-mentioned crimson star, Mr. Hind thus wrote to mo Jrom "Ih'gonl’s 
Pai-k, under date of the 14th January, 1850 

I also avail myself of this opportunity to mention tlmt, in October, 1845, L rcniarkod a most 
fiery or scarlet star on the confines of Lepus and Orion ill (1850) 4K 52m. 45s. and NJ‘l) 105° 2' 

This star is the most deeply-coloured of any that I liavc yet scon, and in strikiu-^ iJmiiit 

with a beautifuUy white star preceding it one minute. It is not inserted in Sir John 1 Icrsclu'l’a 
Catalogue of Red Stars, there is no allusion to it in your “ Cycle,” nor can T find any T,rovi.m» 
notice of It; yet I am doubtful whether I can have first discovered this rcinarkahle star. 

Also on the night of the 28th of April, 1848, he suddenly perceived a red 
star of between the fourth and fifth magnitude, very conspicuous to the nak(.l 
eye, m the region of the Serpent-beaxer, in m 16h. 61m., and in Dec. - 12® W, 
where, from a thorough acquaintance with the spot, he felt assured, and could 
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state positively, that no star down to the tenth magnitticle had previously 
existed; it was to unassisted vision as bright as v Serpentis. I happened to bo 
absent from home when Mr. Hind sent mo notice ot this Mira Ophiuchi, 
nor was it till the end of June that I was able to got a tcloscoi)ic glimpse of 
it, when it had dwindled to about the eighth degree of lustre only. I'rom the 
fi-mft of its discovery the stranger continued to diminish, but without altering 
its position; and, before the advance of the season rendered observations im¬ 
practicable, it had nearly disappeared. But, although it has been w'atchod 
from 4‘B to below 13’B magnitude, it cannot as yet be enrolled among the 
periodical variables, and for the present must rcniiiin under the designation of 
Sind's Changing Star. I may, however, just call attention to the Cycle (II. 
page 394), where mention is made of Kepler’s scholar's discovering a new firsi- 
rate star in the foot of Ophiuchus, which became invisible in a few months. 
Now, the “foot of Ophiuchus” is a loose term, especially in the drawings of 
that day, and the positions are suffieiontly near to ask whether the new “Mira ” 
may not be a re-appeixranco of the Keplcrian ovanoscont star ? 

Some of these apparent irregularities may yet bo found to be reducible to 
extremely regular cycles, for there is a vast d<5al of Avhich w'c scarcely know 
anything, and much more that our knowledge of is of too short duration for 
us to penetrate the complicated system. Bigott’s variable star in Corona is 
represented by Argolander to alter for the most part so littlo, that the unaid(,sd 
eye can hardly decide on its. maxima and minima ol' light; yet, after the laps(^ 
of whole years of these slight and anst(^ady waverings, they siuhh'-nly boconu' 
so great that the star completely vanishes. J^ho va.viations of the red and bril¬ 
liant Betelgeuze (<» Orionis) wore detected by Sir John Ilerschol in 1836, and 
were “most striking and unequivocal” until 1840; but, within the y{jara sine(‘ 
elapsed up to 1848, they became much l(?as conspicuous. In 1849 the fluctuations 
again increased;'and, on the Bth of Bcceraber, 1852, Mr. Isaac Bloteher ob¬ 
served Betelgeuze to be brighter than Gapella, and actually the largest, star in 
the northern hemisphere I The indefatigable Argelandcn* establishes the time of 
its increase at 91'B days; he also states, that, from tho twenticl.h to the seventieth 
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day after the 'niaxiimim, its decrease is insensible; and I’letclior, having' quoted 
iny mention of Pollnx in the Oyolo (vol. IT. p. 187) as being Yariously estimated 
by successive astronomers of the fii'st, of the second, and oven of tlie third 
magnitude, adds under date of the 20th of February, 1850, the following renuark : 

At Ihu prow'uL moment lliia romavkiiblc Ptuv, Pollux, is obviously tuul uninlstiikeiibly brigliU'r 
thiiii Castor; at any rate fully ns bright us, il’ not brighter than, a Ursaj Majoris; though I winnot 
say how long it may have heiai so. 

In proof of what extreme care should attend observations of every descrip¬ 
tion, hoAvever unimportant they may be deemed at the time, I will now cite 
the remai'kable case of H and S Caueri.* Those two objects, preceders of 
what I have termed a coarse triangle, are so closely following <’i fine com])resHed 
cluster of very minute stars, 80 Mossier, that with luodovato magnifying 
])owor8 they are in the field of view together (Cycle, II. page 357.) They were 
first diagrammed on the 30th of April, 1837, when the followers w(‘re, jott(id 
down as of tho teiitli magnitude ±; bnt, being then Ixmt only on oblaining 
guide-posts to secure identity for amateurs, and not thinking of variables, I 
hastily marked tlicra tho same on tho 7ih of May 1839; at all (jveuts ihciy wore! 
])oth visible at those times. Thus matters rested till the sumnu'r of 1853, 
Avhen my oljliging correspondent M. Ohaeornac found that H from tho niulJi 
magnitude had become invisible, oi* below the twelfth degree of lustre, while 
a remained of tho ninth; 1)ut, on the IDth of May in tlu) following yc'ar, 8 
was invisible, and It of tho ninth or tenth magnitude'. “Tliis eoineidenec),” 
says M. Ohaeornac, “ however i*arc5, shows two variable' stars side by side, and 
made mo believe a displacement of S, a displacement that would have vequire'd 
an enormous proper motion in Ei. A series of micromotrio observations soon 
dissuaded me from so exaggerated a supposition; and, on tho 14tli of April 


* Th(3 capital Ictlern of tlie latter division of tho lloitian alpliahot have boon ajiplied by Argclandor to the 
sroall variable atoTB ■vrliich, before his time, bad received iiolthcr iiaiiu* iiyr sign. Cinder bis riystem he oominonood 
with K, because others had used up I'roni A to N; II thureforo Bignifics the first discovered variable in any eonslcl- 
latioH) S tho second, T the tliird, and so on. I rugi’ot to say that I think this nomonelature is inadequate to the 
object, for Gemini, Virgo, and Capricorn are running out fast to Z ; and the rapid progress of recent discovery 
threatens the scheme with bankruptcy. 
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1855, I actually again saw S in its place of the ninth magnitudej that is, as 
brilliant as on the 6th of July, 1863.” Kve years after the latter date, I was 
informed, that Mr. Baxendell could see neither of them, they having either 
disappeared or both dwindled down to less than the twelfth magnitude; where¬ 
upon I thought it best to hand them over to Mr. Pogaon, together with fac¬ 
similes of my diagrams of 1837 and 1839. In an answer from this gentleman, 
dated Oxford, 2nd of July, 1858, he says, “ I beg to return thanks for the 
configurations near R Scorpii, for which I felt greatly indebted, and forthwith 
examined the objects in question. Time only permits me to state in this 
brief note, that your epochs will greatly facilitate the determination of the 
periods of both R and S Scorpii. Ohacomac’s positions for 1862.6 are merely 
approximate: ” and, in April 1869, he sent me word that “ S Scorpii is now 
visible, but not R. Last year the contrary was the case about the same time, 
or a'little later.” I am satisfied that they are now in good hands. 

The increased application that has been made to tliis interesting depart¬ 
ment enables me to supersede the list of Variable Stars given in the first 
volume of the Cycle, with a bettor. This I have tabulated in a stylo which would 
save it from the angry rebuke of M. Arago, who, in Ins Popular Astronomy 
(i. pages 429 and 260), exclaims—“ In certain cases, in fact, the discovery of the 
periodic star has been attributed to the observer to w^hose eyes it first ofiTerod 
itself as a new star, although ho never doubted that, after being onfooblod, it 
would return to its original brightness. In other cases, on the contrary, the 
astronomer who first recognised the periodicity has boon entirely tlirown over¬ 
board, and the whole honour of tlio discovery has been attributed to him whose 
observations, combined more or less skilfully with those of his predecessors, have 
assigned to the period the most accurate numerical amount.” Yet Arago, 
instead of compiling a table himself on tliis principle, merely extracts a list oJ’ 
variable stars from Humboldt’s Cosmos, which had been drawn up by Argelandor. 
However, here are fifty of the principal Valuables known to be periodical, 
including both the discoverer and the classifier of each:— 


p 
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Star. 

DlaooTorer. 

Magnitndea, 

I 

lomenta. 

Kome, 

Date. 

m 


Epoch. 

Period ill Dnya. 

Authority, 

T PiRcium 

Luther 

1866 

9*6 

11 

1866 End of Ootobor 

About 143 

Hehoonfuld 

a Casaiopeise 

Birt 

1831 

2 

2-6 

1844 Jan. 10 

79*1 

A rgelandor 

S PiHcmm 

Hind 

1861 

9 

13 

1861 August 

Al)oul 13 inoutlih 

Pitgson 

II Piscium 

Hind 

1850 

7*6 

9-6 

1867 August 

343 

ISeluienfeld 

0 Coti ( Mim ) 

Holwai'da 

163S 

2 

Under 12 

moi Juua]a-<L6 

331*836 

Argiduudur 

& Peraei (Algol) 

Montanari 

1669 

2-3 

4 

1S64 Oot. 8*2236 

2*86727 

A rg<‘hinder 

k Taui'l 

Baxendell 

1848 

4 

4*6 

1869 Jan. 1*266 

3*9629 

Baxmulell 

R Tauri 

Hind 

1849 

8 

Uiidnr 13*6 

JSCO Fo1>. 2 

330 

Winnoeko 

R Orionia 

Hind 

1848 

9 

12*6 

3867 April 18 

378 

WinntH'ko 

a Orioiiia 

Horaohol 

183G 

1 

1*6 

1862 Nov. 20 

100 

Hurschul 

^ G-ominorum 

Schmidt 

1847 

3*8 

4*6 

1B67 Fob. 7-3()0 

10-168 

Argolandor 

K GemiDoruni 

Hind 

1848 

7 

il 

1850 Dec. 21*3 

301)'726 

l*ogH(ni 

R Ganis Min oris 

Argolandor 

1864 

8 

. . 

IHC-l Aiiril 12 

About 367 

PugHOTl 

8 Cania Minoria 

Hind 

1866 

8-6 

Under n 

1860 Duo. 10 

336 

Heliuonfuld 

S Gomiiioruiu 

Hind 

1848 

9 

Unaorl3-6 

18B7 Oot. 16-0 

204-07 

1N)gsun 

T rieminonim 

Tlind 

1848 

9-6 

Under 13-6 

1860 Nov. 2*0 

288-02 

IhigHon 

U Gominorum * 

Hind 

1866 

9 

Under 13'5 

1860 Fob, 20-6 

9(5-98 

IVigsnu 

R (Janori 

Schwerd 

1820 

0 

Under 10 

J857 Fob. 23 

389 

Argeiaiulcr 

8 Oaiicri 

Hind 

1848 

8 

10*6 

18H4 Juno 22-47J 

9*484 

Argelaiider 

a Ilydrro 

Hind 

1848 

8*6 

13*6 

1867 Fob. 20 

266 

iSchouufeld 

T Ciinori 

Hind 

1850 

0.5 

12 

1860 Fobrnnry 

Unknown . 

PngHoii 

T IlydrBB 

Hind 

1861 

0.6 

10*6 

IH6B Soi). 22 

About 320 days 

Wimnx'ko 

R Lounis 

Koch 

1782 

6 

10 

1858 Mii;r U 

312*67 

PugHOli 

R UraiD Majoria 

Pogaon 

1863 

7-6 

13 

1867 Muy 22MI 

301*90 

PijgHon 

H Virginia 

Harding 

1809 

0-6 

Under 11 

1866 .Iim.l3-7B 

346*724 

Argelimdor 

3 Uraoc Majuria 

PngBon 

1863 

7 

12 

1867 April 21 

222*66 

PogHon 

U Ilydnc 

Manildi 

1704 

4 

Under 10 

1868 March 7 

449*5 

Bux(*udeU 

a Vii^iiiih 

Hind 

1862 

6'6 

11 

1867 March 21-8 

380*1 

Piighun 

S SorpoiitiK 

Harding 

1828 

8 

Under 10 

1867 April 6 

31)7 

Ai’gelundor 

R Coronoo 

Plgott 

1796 ' 

0 

• • 

1864 June 16 

323 

Argelander 

R HcTppntifl 

Harding 

1820 

0-6 

Under 10 

1867 Hap. 29 

350 

Argolauder 

R Librni 

Poghnn 

1368 

9 

Under 13*6 

1868 May 2 

Unknown 

PogHon 

a Ophiudii 

Pogaon 1 

1861 

9*3 

Under 13*6 

1867 Juiia 26'1 

229 37 

PogHon 

R Ophiuchi 

Poghon 

1863 

8 

Under 13*6 

1867 July 13-2 

304*09 

PogHon 

a Horcuha 

W. llorachol 

1796 

3 

3*6 

1866 May 18 

00*33 

Argolundor 

R Soufci 

Pigolt 

1706 

5 

9 

1867 Nov. 23 

71*76 

Argolnnder 

jfl Lyraj 

Goodricko 

1784 

3-4 

4 3 

1867 Fell. 6-tl79 

12*9904 

Argeluiidei* 

11 AqniliB 

A rgeland or 

1866 

6-5 

■ > * 

1867 July 20 

S61-6 

■\Viiiiiecko 

R Sugittaiii 

PngHon 

1868 

8 

Under 13 

1868 .July 3 

405 

Pngsou 

R Oygnl 

Pogfwn 

1862 

8 

Under J4 

1867 March 2-4 

410*72 

Pogson 

X Oygni 

G. Kirch 

1687 

6 

Under 11 

1867 Dec. 10 

400*06 

Argolnnder 

»J AquUtC 

Pigott 

1784 

3-0 

4*4 

1867 Fob. (i-GUfi 

7*1703 

Arg(‘lanil(‘r 

24 CQ^]x^(JImUi.) 

Pogaon 

1860 

6 

11 

1807 .... 

Probably 73 years 

PogHon 

U Capriooml 

Pogaou 

1867 

11 

Undorl3'6 

1867 AujfUHt 

About 16 inunths 

l*(jgHon 

T Capricorn i 

Hind 

1864 

9 

Under 14 

1866 Oct. 26 

274 

Sehoonfold 

S Cophei (2ad) 

Goodrioke 

1784 

3-7 

4*8 

1867 Fob. 0'062 

6.3604 

Argolandor 

(i Pagaai 

Schmidt 

1848 

2 

2*6 

1868 1)00. 24 

43*4 

Auvers 

H Pegaai 

Hind 

1848 

8-6 

Under 13*6 

1866 Jan. 29 

378 

Argolandor 

R Aquani 

Harding 

1810 

7 

Under 10 

1867 April 10 

388*5 

Argulandur 

R Oaafiiopeiao (2iid) 

PugBon 

1863 

6 

Under 14 

1866 Nov. 21-3 

434*81 

Pogaon 
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1 must novT observe of a Gassiopese, that, bat for its having been patronized 
by such an observer as Argelander, I would have discarded it from the list j forj 
after gazing again and again at it under pretty close comparisonj I can still 
hardly subscribe to there being any variation at all (see the Cycle, II. page 
13): .while two stars which had gained admission among the Variables—3 and 
18 Leonis—are dismissed as “not proven;” tho former showing but slight 
indications of quick changes, and the latter having been under rather regular 
inspection as a comparison star to E Leonis, without faltering. On the whole, 
some errors are suspected by mistaking 3 and 18 for tho said E; but they have 
inflicted a deal of trouble in the examination of them. These intricate phe¬ 
nomena are indications of energetic activity in remote space, for which, as yet, 
no conclusive explanation can be given: still they appear to be the source towards 
which we must look for the occasional disappearance of some stars, the sudden 
apparition of new ones, and the advent of those designated temporary. Eenewed 
inquiry into their details is imperatively called for; and it is a question 
whether they do not imply rapidity of change either in tho position of the 
star’s poles of rotation, or in the situation of the places passing through the 
orbits of opaque planets which may revolve around them. Zeal and watclifulness 
will be in demand, as these extraordinary bodies aro subject to sensible irregula¬ 
rities in their successive phases, which as yet defy the appHoation of flx:ed laws. 

In February 1868, Mr. Pogson favoured mo with the curves of a couphi 
of variable stars—namely, his own E Ophiuchi, of ordinary speed, and U 
Geminorum,* a rapid changer; for it is subject to alternations or twinldings 
of light from the 9th to the 13th magnitude, in intervals of only from 9 to 
16 seconds of time, the neighbouring stars of equal brightness remaining 
steady, and therefore the scintillations could not be owing to atmospheric 
disturbances; both these curves are projected on the same scale, and from 
them I had this diagram cut:— 

* In a letter wliicli I received from Mr. Pogson, 23rd Ifovember 1858, he says, “After twice misHing its 
maxima, XT Geminorum has suddenly burst forth, attained its fullest lustre, and again faded away ; and that too 
within four days of my predicted time.” 

p 2 
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Projection ot tho obserred Maximum of B. Ophiuchl, 1867, July IG. 
Chief-Epodi, 1853, May 13.2. Porlod 304'Q0 days. 



The above list enrols those variable stars which bedeck our Northern hemi¬ 
sphere, where Mira and Algol (Cycle, II. pages 69 and 78) stiU maintain their 
claims to thoughtful admiration. But we must just step across the equinoctial- 
line to introduce a most remarkable object, Argus, to the patient reader, more 
oA account of its surprizing fluctuations, however, than from any due demand, 
as yet, for its being classified as a periodical or established variable star. It 
is located in a spot which I often gazed at in days of yore, with a ship’s “ spy¬ 
glass, namely, that part of the Via Lactea which lies between the after-hull 
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of Argo Navis and the Southern Cross; in the midst of a large and hrilliant 
nebida. This wonderful star appears to have continually varied in lustre ever 
since 1677, when HaUey rated it of the teth magnitude; in 1761, LacaiUe 
entered it of the second lustre; and from 1811 to 1815 Burchell saw it re¬ 
duced again to the fourth degree: but in 1827 the same observer found that 
it equalled the neighbouring first magnitude star, a Orucis, in effulgence. 
On the new year’s day of 1846, my son Charles Piazzi Smyth wrote to me 
from the Cape of Good Hope, in a very enthusiastic way, bearing upon this 
same object—“ The temporary increase of Argus in March ’43,” said he, 

“ so as to approach the magnitude of Canopus, gave reason to look forward 
to still greater brilliancy. But its maximum lasted only a few days in the 
early part of that month, after which it dwindled down rapidly. Hence, 
although the star may not be advancing by successive steps, it seems to do 
so by undulations; for in March ’43 it did not go down to the point from 
which it had risen, and, being now on the increase, has been for a month 
brighter than Canopus, indeed half-way between it and Sirius, and is very 
red. These fluctuations in lustre probably form i)ai‘t of a cycle of longer 
period.” In July 1860 my friend Lieutenant Gilliss, of the United Stale's 
Navy, wrote to me from Santiago do Chili, in an interesting letter, which 
I communicated to the Astronomical Society (Monthly Notices, xi. pages 
42-44), that he saw rj Argus undoubtedly blighter than the joint light of 
the two components of a Oentauri—which superb double-star is reckoned, 
“ beyond all comparison, the most striking object of the kind in the heavens.” 
Again, in Jan. 1862 (Monthly Notices, xii, pages 176-177)— 

I have thought for the lost eight or ten nightH thut t) Argua is diminishing in brightnos-H. 
It certainly is not brighter Ilian the combined light of a Ccntaurl, as it whs again last summer; but 
the two are not yet fa'vourably 3ituate<l for comparison, being at unequal heighta. 

Can you not persuade one of your munificent patrons of astronomy to send his telescope out 
here? I am convinced that it would unfold more wonders in physical astronomy every year than a 
life would afford in your atmosphere. 

By the triumph of moral over physical causes, however, this atmosphere 
ma.iTit.niTia the advantage as yet. Moreover a has yielded its parallax, and 
shown itself, as at present known, by far the nearest to us of the “ fixed stars.” 
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In order that the surpassing beauty of a Centauri should be understood 
by philastrics, it must be recollected that A is of the first magnitude, B of 
the second, and the two are 16" apart. Sir John Herschel describes them as 
being of a high ruddy or orange colour, “ constituting together a star which 
to the naked eye is equal or somewhat superior to Arcturus ia lustre:” but 
after his exordium, I certainly should have expected even greater brilliance. 
As a proven binary its orbit is a point of great interest; and it seems tliat 
the elliptic elements deduced by the zealous computers, though stiU suscep¬ 
tible of amendment, represent the observations pretty fairly. Having had 
one of these investigations referred to me by the Astronomical Council, I 
received the following valuable communication from Mr. Hind; and, finding 
the results assume as near an approximation to truth as the observations 
yet will adinit of, I forwarded the letter to the Society, from whose Monthly 
Notices (xv. p. 88 ), it is here re-produced:— 

I believe n, paper upon Lhe elements of a Centauri was referred to you for report yesterday. 
I have recently deduced an orbit for the same star, not being aware that any one else was engaged 
upon the same investigation. My results, in which I have some confldcnec, ore founded upon 
all the micromeu-ioal measures from 1834 onwards, including the excellent series by Captain Jaeol) 
down to the present year. J have thought you might like to liavc the clenieuts for comparison 
with those given in the communication to the R.A.8., which I have not scon:— 

Rcr. pass. 186 9'42 

SI 16° 42' 

X 26 2 

Eccentricity 0‘7752 

Mean annual motion -f 4'448° 

7 62° 63' 

a 1367" 

Period 80'94 yre. 

Hicse elements agree very well witli the observations, so for as I have examined them. 

Dec. 9,18^1. 

To resume 17 Argus. Pondering over its interesting but perplexing pho- 
tometrical changes, Sir John Herschel observes that— 

A strange field of speculation is opened by this phenomenon. The temporary stars heretofore 
recorded, have all become totally extinct. Variable stars, so far as they have been carefully attended 
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to, have exliibited periodical alternations—in some degree, at least, regular—of splendour and conx- 
parativc obscurity; but here we have a star fitfully variable t<^ an astonishing extent, and whose 
fluctuations are spread over centuries, apparently in no settled period, and with no regularity ol 
progression. What origin can wc ascribe to these sudden Hushes and relapses What conclusions 
arc wc to diuw as to the comfort or habitab'dity of a system dcpciidiug (or its supply ol light luid 
heat on so uncertain a source? It is much to be rcgi'etted that wc are without rc'c.ords o( its changt'S 
in the intervals between the observations of HaUey and Lacaillc and those ol Ijacaille and Burch ell. 
Its futm*e career will be a subject of high physical interest. To this'acc.ouiit I will only add, that, 
in the beginning of 18t38, the brightness ol this star was so great as nuilcrlally to iiitcrlt^re with tlu‘ 
observation of that part of the jiehula surrounding it which is situated in its immediate vicinity^ 
and, in particular, almost to obliterate that extremely curioxis oval or lacuna wliiidi foiius so con¬ 
spicuous a feature in the ligure of the nebula anncxc'd, and oL wliicli, had 1 not ])reviously Bccun‘<l 
a correct representation, 1 should then scarcely have been able to have done so to m y own satislaction. 

The accurate representation of this nebula, with its included stars, has ])rov<»d a work ol very 
great difficulty and labour, owing to its gi*eat extent, its coinjdiciikul convolutions, and the niuliitiule 
of stars scattered over it. To say that 1 have spent several mouths iu the delineation oftlKi nebula, 
the micrometrical measurement ol the co-ordinates ol the skeleton stam, the Idliiig-ui, mapping- 
down, and rcading-olT of the skeletons when prepared, the siil)se([ueni reduction and digestion into 
a catalogue, of the stars so determhu'd, aud the execution, Ihial revision, and eoiToctiuii ol tlui 
drawing and engraving, would, I am sure, be no exaggeration, hrcqueutly, while working at tlu* 
telescope on those skeletons, a sensation of tlespair would arist‘ of ever l)eing able to transfer lo 
paper, with even tolerable correctness, their endless do tails. 

And of this vast nolxula, wliich prohaldy is immoasiirahly beyond the 
flactaating star in space, he eloquently adds:— 

It would munilcsdy be impossible by verbal description to give any just ldi‘« of the capricious 
forms and irregular gradations of light allected by the difli'rent bruiichcH and a])])cu(lug(‘H of tins 
nebula. In this respect the figure must Bj)cak lor itself Mor is it easy fin* languagci to convey n 
full impression of the beauty and sublimity of the spectacle it onei*s when viewed in a swec]), 
usheied in as it is by so glorious and iniuunerablc* a jirocession of stars, to which it forms a sort ol 
climax, justifying expressions which, though 1 Ihid them written in iny jounml iu the excitement ol 
the moment, would be thought extravagant if transferred to these pages. In fact, it is iinposHll)]<' 
for any one with the least spark of astronomical enthusiasm about lilin to pass soberly in review, 
with a powerful telescope and in a fine night, that portion of the southerji sky wluch is compiib(jd 
between aud 13^ ofii a, and from 146° to 149° of N r J), such are the variety and interest of tlie 
objects he will encounter, and such the dazzling richness of the stoiTy ground on which tluiy arc 
represented to his gaze. 


Thoughts on the Nebular HypoTHEHis (Cycle, 1. pages 342-73 II- 
passim). In my Catalogue I enrolled some of the finest uebulue to be seen 
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in this hemisphere; not that the class I was addressing could discern all the 
wonders of those highly-attenuated, incandescent, self-lumiuous masses, but 
they were inserted that the gazer also might admire and adore. Indeed, 
whether these bodies—often so irregular, yet permanent in form—consist of a 
conglomeration of stars, or of cosmical yapoury matter, they are equally of 
vast importance to a better knowledge of the contents of inimitable space, 
and of the admirable structure of the Universe. 

It was therefore that, after a considerable study of those objects, and 
following in the wake of' such leaders as Tycho, Kepler, HaUoy, Lacaillo, 
Herschel, and Laplaco, I certainly had fallen into the condensation-opinion, 
an opinion which, although now somewhat shaken, I still hold to bo conformable 
to probability and analogy. Yet, as all our conceptions of material objects arc 
relative, and overlooking the point that the longest periods of the creative 
elaboration are but as a moment in the scale of eternity, I made the staid 
reservation that " Nature has yet to be caught in the fact ” (Cycle, I. page 
313); and I moreover expressly' stated that the theme, though solemn and 
subhme, is yet only imaginative (Cycle, II. page 270). It was the remarkable 
harmony subsisting among their movements which induced Laplace to conceive 
that the sun, planets, and satellites of our own system had resulted from a 
common genetical process: he considered the rings of Saturn to bo extant 
witnesses of the action of a general physieal cause; and this opinion was 
advanced long before the nebulous semi-fluid dark ring had been detected. 

More recent assumption inculcates that Lord Kosse’s grand discoveries 
have proved all nebulae—instead of being luminous uncondensed matter—to 
consist of immeasurably remote galaxies of suns, each lilce our own Via Lactea, 
the re-solvability of which is solely a question of power equal to the distance; 
but it is considerately admitted that the hypothesis was a “ splendid vision.”* 


* A lesson to arropiancc, in mighty problems, is found in the slight regard originally paid to the elder IlerHChel’s 
experiments on the contested theory of the Solor Motion: and (in another branch of science), when a proposition 
to propel vessels by steam was made to our Admiralty, the Board complimented the ingenuity of the invention, but 

pronounced that “it was not adapted for the Boyal Navy." Ohel 
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The oppositionists, however, must not heave ahead too fast. Sir "W /. Herschcl 
adopted the opinion only after re-solving hundreds of nebula} into stars, inso¬ 
much that at first he thought all those objects might be re-solved under 
sufficient optical enlargement. Now, the late vast improvements in telescopic 
vision, though they have diminished, are far from having exhausted, the sup¬ 
posed number of actual nebulse; and it is a very hasty conclusion to assiune, 
because many of them have yielded, that no nebulous matter exists. Indeed, 
Lord Eosse expressly says, “that now, as has always been the case, an.increase 
of instrumental power has added to the number of clusters at the expense oi 
the nebulse, properly so called; still it would be very unsafe to conclude that 
such will always be the case, and thence to draw the obvious inference, that all 
nebulosity is but the glare of stars too remote to be separated by the utmost 
power of our instruments.” In a word it may be stated, as the general result 
of his lordship’s examinations, that to whatever tolescoiuc investigation these 
distant mysteries are submitted, nebulosity actually exists in different degrees 
of condensation: and, whenever they yield to the re-solvent power of instru¬ 
ments, a great number of stars are brought to view—discrete centres of conden¬ 
sation—or points surrounded with luminous matter. Eut clearly this does 
not include the fantastic wisps, and diffuse patches, of light which stud the 
celestial regions; and, as to those strange problematical objects—the planetary 
nebulse—what cosmogonist can examine them without intense amazement, and 
utter incapacity of conception? 

The Nebular Hypothesis was never advanced as a positive inductive fact, 
or physical reality, but only a philosophical conjecture, or an assumed analogy; 
yet, if there ever did exist a reason for accepting the speculation as a vem 
coma, that reason, though impinged upon by the recent telescopic revealments, 
is not entirely swamped thereby; on the contrary, the celestial scheme is 
equally remarkable and suggestive, nor can it be ignored without first proving, 
that nebular condensation has never been going on as indicated by the internal 
evidence of our own system. It is a powerful incentive to obtain by further 
research demonstrative facts, and consequent truth; so that asti’onomers in 

Q 
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after-times may become sensible of any changes which may take place in the 
island universes” scattered in the depths of space, which, from their enormous 
distance, can only become known after some ages shall have passed away. The 
Nebular Hypothesis is therefore worthy of being retained; it is not what Bacon 
termed “the seduction of a vain philosophy,” but a fair inference from second 
causes, wherein the consequences conform approslmatively to the phenomena 
of our system, and may aflFord us a faint conception of an Omnipotent Biust 
Cause, though no idea of His Essence or "Will. 

Typical Ekroes (Cycle, I. page 398, line 13 ah imo). The moan deter¬ 
mination of the level should be 0' 0" ’05, instead of 0' 0" '6. On page 400, 
lino 16, for 40 abatement from the index, read 20. 

^ On obsbbvinc Stabs by Daylight (Cycle, I. page 401). In stating the 
claims of Gautier and Hook to have originated this practice, it appcai-s that I 
overlooked an anterior title to the discovery. After that volume was published, 
I received a friendly letter from Professor David Thomson, dated “King’s Coll( 5 go, 
Aberdeen, 18th January, 1847,” to this effect:— 

Pemut mo to coll your attention to tlie Mowing quotation from Galileo’s 1st Dialogue on 
the Copemiem System (Opero, Milano, 1808, &c. Vol. XI. p. 206), which will afford a correction 
of a statement made at p. 401 of your excellent Prolegumcna:— 

“ So Toi paragoucrotc il piccolo cosqiiccllo, v.g. della Canicolo, wduio di gkmo col Toloscopio, 
quando ai vedo sonza irradiazione, col mcdcsimo veduto di notle coU’ occhi olihero, voi fuor di otmi 
dubbio comprcndcrete, &c.’^ ” 

This was written before 1632, that is, 37 years before Gautier’s and Hook’s discovery of the 
visibility of certain stars by day with dio telescope." 


LB 90 NS I)’ Astbonomie (Cycle, 1. page 462-6). This was a pamphlet 
that suddenly appeared and drew attention, but, as it professed to tread on 
ground which I had been heating, I re-produced its constellations. Still, I 
mentioned my surprise that M. Arago should have been the author of such 
a work, and that its only claim to notice was its bearing his name. Since 
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my book was published, he has denied the authorship “ with both hands.” 
He produced a work of his own, from a course of Lectures on Astronomy 
which he was in the habit of delivering annually at the Observatory of Paris 
during a period of 18 consecutive years, and this work—Popular Astronomy— 
has been translated by Mr. Hobert Grant and myself. A glance will prove 
that the two publications cannot be by the same author. 

(Cycle, I. page 436.) At line 12 al rnio, instead of the typical error au 
coch read coch. 

An erroneous Statement (Cycle, I. page 467). In the last paragraph 
on this page is a great oversight, in stating the effects of the shifting of the 
node of the Barth’s equator; for if anything is more certain than another in 
this department, it is that the latitudes of the stars are not changed by the 
precession of the equinoxes, nutation, or any other branch of that phenomenon 
which depends on the spheroidal figure of the Earth. Tliese latitudes, it is 
true, are subject to an exceedingly slow and minute change, but that is 
occasioned by the alteration of the plane of the Earth’s orbit, due to the 
attraction of the planets, and woTild be .precisely the same if the Earth were 
a perfect sphere. The paragraph should therefore be read as follows:— 

First in importtmee is that continual diifling of the node oftho Earth’s equator on the ecliptic, 
by ■which the line of reference on the ecliptic actually varies, altering equally aU the longitudes of 
the stellar host. This singular variation, as already shown, has long been rccoguisecl as the proces¬ 
sion of the equinoxes. Wore the position of the Earth’s axis always aociuatcly parallel to itself, 
the lino of reference, which points to the first point of axis in tlie heavens, would also remain 
parallel to itself; but this is not the case, tire actual plane of the ecliptic does not vary perceptibly 
by the action of the Moon on the Eartlr, or rather the very slight oscillation whidi it undergoes is 
one of the smallest of astronomical phenomena; but, by the action of tire planets, it gradually 
diminishes, very slowly, and this is the only phenomenon by which tire latitudes of stars are aflbeted. 
Newton, to whose sagacity we arc indebted for the discovery of tho cause of procession, supposes 
the spheroidal form of the Earth and Moon to be owing to their having once been in a Iluid 
state, whence, as a consequence of the rotation, the matter flowed most to tho equatorial regions. 

Before quitting the first volume of the Cycle, we have occasion to return 

to its page 64, where it is mentioned that Pius VII. had “ repealed the edicts 

q2 
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against the Oopernican system/’ and that, notwithstanding which various 
publications still adhered to the Earth’s immobility.” This was a patent affair 
in I 8 I 85 and made, I well remember, a considerable stir at the time. It was 
communicated to me either by Baron de Zach or General Visconti; but the 
reference to the subject has been lost, or mislaid, in the gurgiie vasto of my 
Mediterranean papers. Therefore on Dr. Whewell’s lately wishing me to get 
him a copy of the rescript, I immediately wrote to a highly scientific Italian 
friend for exact information on the subject, and received by return of post 
the follo^ving reply, dated Boma, 10 Genn% 1867 : — 

I now come to answer your lost note, in wliicli you request to know something of what Pius 
VII. did relative to Galileo. All 1 know is only this, tliat he ordered in the reprint of the Index 
of Proliibited Books, tlrnt, as already had been done some time belbre, the law prohibiting books 
on the Motion of the Earth sliould be omitted. , 

• THs does not mean tliat there is any cliange in the Catholic Beliaf^ since the prohibition of a 
book is not always on account of its being erroneous, or hcvctical, but because the diseiussion ol' 
certain topics may bo dangerous at certain times, though they may be permitted when that danger 
has passed away. This has occurred even with some very good theological books, prohibited only 
because they might lead to the ti'cating of matters anil questions which were perilous owing to 
the times. Tlieso, however, were articles o!‘ discipline wliich might vary in process of time; and 
often the clement of human miseries may be mixed up with them, as much on tlic one side as tlio 
other. 

Galileo certainly had a long tongue, and the men with whom he contended wertj not to be 
assaulted roughly. If he had followcid the Grand Duke’s advice, and that of other friends, he 
would not have suffered what happened to liiiu.* 


* Tlic whole labours of suck men as Galileo, Newton, Boyle, DescartcB, Eacon, iticcioli, and Mercator, were not 
damned, but only selected portions of them. In the instance before us it was the JDialogo sopra i dm Sistimi del 
Mondo^ which was anathematised and burned at Rome by a decree of April 1634 ; such writings as those of Luther, 
Zwingle, Bruno, Wickliffe, and many others were “ omnino damnantur.” As my correspondonf s letter is of some 
import, it maybe proper to submit the original“ Vengo ora alia risposU dell’ ultima sua, nella quale mi chiede 
di sapere qualohc cosa sull’ operato di Pio VII. intorno a Galileo. Quello che io sd b solaraente questo, die il 
detto Papa ordind oho nella riatampa dell’ Indice dei libri proibiti non vi si mettesse piil—-come pure alrun 
tempo priraa era gih stata lovata—la regola generale che proibiva i libri che trattavano del moio della terra. 

Questo uon vuol dire che siasi mutato nulla uel Credo Cattolico, perchb h ben noto cbe un libro non b sempre 
]iroibito perchb erroueo, o eretico, ma perchb pud esser poriOoloso ih certi momenti e tempi il tratiare alciuie 
nmterie, cessato il quale pericolo i libri possono permetterai, Ne abbiamo esempj in casi di sanissuni libri 
teologici, proibiti solo perebb potevano dar causa a trattai*e inaterie e quistioiii pericolose per lo circostanze dei 
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Such is the suhstance of my worthy correspondent’s communication, the 
which does not altogether quadrate with my own impression of the matter. The 
mere omission of books from the Index mptvrgatorrna, or expunging a name, 
certainly does not prove much; and it is pretty clear that one Padre Sanctis- 
simo would hardly he brought to reverse the sentence of his predecessors: by 
the way, the late restoration of the Jesuits was a step in the opposite direction. 

As faith and science ought never to be pitted against each other, we must 
have a word more sulla condemta del GaUleo. Prom Tiraboschi to Marini 
the great Tuscan philosopher has been rapped on the knuckles as bemg 
unjustidably fidgetty under interference. Nor is it only Catholics and Catholic 
prelates who assail him, but even my judicious and veiy temperate friend Be 
Morgan, in 186B, thus lays it on: 


It must also be borne in mind* that the Inquisition did not intcrlcrc until botli sides bad got 
into a warm and angry dispute about certain interpretations of tbc Scriptures, of wluoh bodi sides 
admitted every interpretation to be tbc exclusive property of tbc Cbmeb. brom iniuiy circum 
stances we feci a right to suspect that if Galileo mid bis followers bad never made any otlier answer 
to tbe Scriptural argument except declining to assmne tbc power wbicli, by tbeir own eonccsaioii, 
belonged only to popes and councils, tlicy never would have been called to account. Ibo 
temper of tbe liigbcr orders of tbe clergy seems to luive been unobjectionable. When (jalileo 
applied to die general of tbc Dominicans, ooinjdoining of an Indecent attack made upon 

him by one of tbc order, be received a written answer, expressing regret and tbe vexation of tbc 
writer at being liable to be compromi-scd by all tbe bmtalitics {heslialUh) which migbl and did t»dc(> 
place among twenty or thirty thousand monks. Had each oITcmlor against common sense an<l 
Lmmon modesty been a pope, a cardinal, an abbot, or a monk, acting in his single cnjiacity wc 
should have been pleased to remember bow vast and bow many have been the obligalions w nc i 
both literature and science have owed to those orders. And we should have reiadbid die great 
encouragement which tbe-Copernican system received from popes and cnrdiiuils at its first promul¬ 
gation; nor should we have forgotten that immediately after tbc first prowcduigs against Galilee, 
a pope invited Kepler, the greatest and most notorious of tlie Copcrnicans next after Galileo, 
to be bis professor of Astronomy at Bologna. But ibe Inquisition, tbc common sewer ol’ 
the odium timloyicum, baa no redeeming point in its gcnm-al history, llioiigb die case bc.lorc us Inis 


tempi. Del resto, queste bouo cobu discipliaavia che variare possono col tempo; e spoBso vi ai pud moscolare 

I’elemonto delle miserio umano, tanto da uua parte oho dall’ nltra. 

“ Galileo certo ebhe la lingua non poco lunga, e quelli oon cui contrastava non era gente da prondero di frontc; e 
se avesse seguito i coiisigli del Gran-duoa, e d’altri suoi amici, non avrobbo soITerto quello ehe gli toccd." 
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tba much of allcvktiou, that (taking for granted drat (Jalileo was not put to the torture) there is 
not enougli ol atrocity to take off die edge of the ridicule. 

Now, without denying this, I may say that few of those writoits, happily, 
have known what it is to he cited before the Holy Office of the Inquisition, then 
and there to be questioned and cross-questioned by stern and mevcilcs.s Do- 
mmicans, armed with power to squeeze out answers as to their belief in these 
matters. Nor were those persecutors who dragged the venerable philosopher 
through the streets in a penitential dress, his only enemies. But some, taking 
their seats between sanctity and science, have paid the penalty by the laws of 

physics m such case made and provided. Among them a Neapolitan, Julius 

Caesar La Galla, really a man of information, was a violent antagonist of Galileo; 
and he, in a book dedicated to Cardinal Capponi in 1611, recklessly asserls 

that, because God is not on earth but in heaven, he therefore can move heaven 

but not the earth, “ Iddio non sta in terra, ma in cielo, onde jiub mov(‘re il 
cielo e non la terra; ” and such asinine balderdash was allowed, among the 
Anti-Qnlileaiis, to pass as argument! 

At the mention (Cycle, I. page 48) of QnUleo’e imprisonment for a year, 
It allmloa to the dose inoarooration to which he had been coiidemncil for lilb! 

the Uerahon only to his becoming a prisoner-al-largo, in wliich atirto of 
raiom he passed the rest of his days, even after total blindness alBiotod 
him: instead of Uberation, it were bettor to have said, mitigation of his scntenco. 
t was in 1084 that he was permitted to i-eride in his casino at Aroetri, near 
Plorenee; but «ie humiliation pressed heivily on his spirits, and increased 
IS infirmities, insomiioh that he never more wrote on Astronomy. Milton 
altorwards his companion in the Index MxpnrgMm, eaUed upon him in 1038. 

I found, says that sublime poet (Prose'Woris, i. page 818), “I found and 
visited the famous GaUloo, grown old, a prisoner to the Inquisition for thinking 
on astronomy otherwise than as the Dominican and Pranciseaii lioonsers 
thought. And. in Ms immortal poom, with a Uvely recolleetion of the astro¬ 
nomer’s first application of the tdesoope, he paints Satan—“of unblest foot’’ 
With his ponderous shield - 
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Htmg on his shoulders like the Moon, whose orb 
Through optic glass the Tuscan artist views 
At evening from the top of Fesol6, 

Or in Valdamo, to descry new lands, 

Rivers, or mountains, in her spotty globe. 

In reading which it should be recollected that, in Milton’s time, the desig¬ 
nation “ artist ” implied a man of science; and in the nautical affairs of that 
day, the mariner who could write a journal, keep a sea-reckoning, or shoot 
the sun for a latitude, was the ship’s Artist. 

To conclude— such was the deplorable doom of a philosopher to whom astro¬ 
nomy, mathematics, geometry, mechanics, acoustics, harmonics, and the general 
knowledge of nature are under such durable obligations! After all, it seems that 
we are still to rest on our oars upon the main question, altliough E ^wr si 
muove is so unequivocally manifest; for, what with open foes, -and our own 
traitorous Dominicans in disguise, among many the glorious sun must stni 
•jnofoss to run round the tcvrestrial globe 
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What IS a man, 

If his chief good, and market of his time, 

Be hut to sleep and feed? a beast—no more. 
Sure, He that made us *wiih such large discourse, 
Looking before, and after, gave us not 
That capability and godlike reason 
To fust in us unused. 

SnAKSPEARB. 


PaBQUBNTLT passing through Bedford to Ms seat at Oolworth, and attending 
tlie local sessions and assizes as a county magistrate, Dr. Leo was wont to 
favour me with occasional visits; and, having always been an ardent admirer 
of Urania, he felt the enjoyment of a little practice, as well as the advantage 
of a good telescope, easy to manage, and always ready for use. I do not 
accuse him of violating the tenth commandment; but it was clear that he 
would not remain much longer without seeking some powerful means of 
penetrating space. And thus it happened. 

In December 1828, soon after I had completed my observatory at 
Bedford, and mounted the instruments lent by the Astronomical Society for 
that purpose, it' was commumcated to me that the telescopes, clock, transit 
circle, portable transit, and numerous other articles, wMch had belonged to the 
late B,ev. Lewis Evans, were to be disposed of by private sale. On viewing 
them, I was rather chagrined at the circumstance not having occurred before 
my arrangements were carried into effect; especiaUy as the circle seemed to 
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me greatly superior in simplicity and officicncy to Colonel Beaufoy’s, with 
which I had just commenced my operations (See the Cycle of Celestial Objects, 
vol. i. pp. 333 and 335). On mentioning this to Dr. Leo in the evening, he 
resolved to make the purchase, and to present the circle to the Astronomical 
Society, under .an understanding that it was to change places with the one 
at Bedford; a transaction which accordingly took olfoct. 

This beautiful transit-circle bcjing thus disposed of, there still remained a 
considerable number of instruments with Dr. Loo, of which ho shortly after¬ 
wards became desirous of making a projxu* use. On being consulted, I recom¬ 
mended that the small transit-instrument should bo mounted on a pedestal in 
the South portico of IlartwcU House, where it wtmld command all the Qroen- 
wich stars from the zenith nearly to the horizon—that is, from ly Draconis 
down to Bomalhaut; the adjoining strong-room then conld he iittod for the 
clock and,other instruments, and the requisite books and catalogues: while a 
second stone pier was proposed to bo erected at a little distance in front of 
the portico, on which to place the ri’ifleeting-toloscopo. This pro])osition was 
adopted, and, with the help of Dr. Lecj’s staif of domestic avtistms, I soon 
carried it into effect, insomuch that, having ajjproximatod the meridian pretty 
closely, the moon and several stars wore observed on the 3rd of April, 1830. 

A word upon this point, as I tliink it wholesome in affairs of such 
description, that things should go by their right names, to prevent misunder¬ 
standing and wrong impressions; for I have witnessed with very deep regret 
the vis merticB perceptible in certain quarters of the Amatoin* World, whcrciii 
zeal so frequently evaporates in the note of preparation. While certain staid 
Philasters voluntarily engage themselves in systematic labour for the benclit 
of Science, it is notorious that there are several private well-built and well- 
equipped observatories among us wherein no useful observations, or mattei’s 
worthy of record, are made or undertaken to bo made, save when a publicly 
notified phenomenon is to be seen. To be sure, a well-mounted telescope 
ought to bo an appropriate and desired article for every educated gentleman’s 
establishment, both for amusement and expansion of mind; and the Earth 
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noiselessly rolling on its axis presents a new field for admiration with every 
passing hour. What scenes in the diurnal revolution of the celestial sphere, 
in the 86,400 seconds from the time of a star’s passing the middle wire to its 
return to the same point! The whole is a marvellous moving panorama, one 
day pressing on the heels of another, and the moon under continual change. 

Truditur dies die, 

Novaeqiie pergunt interire Lunae. 

But this, so much better than neglect, has no more to do with the desiderata 
of Astronomy, than swimming has with the composition of water. Instead, 
therefore, of bruiting and advertising their instrument-rooms as observatories, 
it were better they should recur to the more honest and correct term gaaeho. 
Not but there are those lovers of Urania, a zealous band, who have resolutely 
climbed the cliffs of knowledge to enter the Temple of Science by its only true 
approach; and have rendered such valuable and essential service to the cause, 
that they ought never to be confounded with the gazers alluded to. By the 
accurate advances of this force, observations are furnished for the discussion 
of the geometer, and the generalisation of the philosopher; and it is a course 
which may elevate the amateur to the platform of science, without lowering 
science to the level of the amateur, Bor more on this topic, I beg to refer 
the “gentle” reader to the Cycle, vol. I. pages 366-9, and the present para¬ 
graph may be concluded with old Joseph W^alker’s remarks on the gi’atification 
which a telescope affords. In his Astronomy’s Advancement, or News for the- 
Curious, 1684, he says, “Any person may be able to direct himself to what 
stars are in a most convenient condition for him to view at any time, when bis 
curiosity leads bim to such entertainments. And truly these arc entovtain- 
ments so noble and glorious, as well as ravishing and transporting, that it is 
to be wondered how persons whose parts and fortunes qualifie them for them, 
ai*e able to temx>erate themselves from them.” Brom obvious causes, however, 
there will always be more investigators and speculators than observers;—since, 
in the latter dass, bodily comfort, physical ease, and the seductions of rest, 
must be cast adrift. To return— 
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I should here mention that the transit-instrument above-mentioned was 
a portable one, of twenty-four inclies in length, on a cast-iron stand, by 
Carey; * and the reflecting telescope is of flvc inches and a half aperture, 
with a focal length of thirty-six inches, having a good finder and several 
eye-pieces, on a stout brass tripod. The dock was made by Mr. E. K. Barton, 
of Eamshury in Wiltshire, and exhibits a pretty fair train of wheel-work to 
a Graham’s dead-beat escapement. It is fitted with a novel pendulum, ex¬ 
pressly made for the Eev. Lewis Evans, of Eroxdeld, by lus friend Edward 
Troughton, who had just invented it. In the construction of this ingenious 
application, the apparent rod is a cylindrical tube of brass, reaching from the 
bob to the suspension-spring. This contains another tube with five wires inside 
it, so disposed as to produce three expansions of ste-ol downwards, and two of 
brass upwards. These linos of wire are so proportioned as to length, that they 
act inversely upon each other’s impulses, and by the combination destroy the 
effect that either metal would have singly. In this contrivance the estimable 
artist reasoned weU, and the attempt was worthy of liim: but it so happens 
that the main variations by whifch the instrument is affected are owing to the 
outer or covering tube, and, even were this removed, it would still be liable 
to the jumps and irregularities incident to gridiron pendulmns. Troughton 
therefore soon abandoned it as a failure. 

The aforesaid strong-room, besides being the repository of the fixed 
instruments, contained also various portable ones, and presented suflffoient 
means for breaking-in an amateur of zeal, and also for dohig much good 
work, terrestial as weU as celestial. Of these I may instance the following:— 

A roilccting circle by Troughton, with counterpoised stand, and an artificial horizon. 

A ten-inch brass sextant, by Kainsden. 

A five-inch sextant, by Eiimsdcn. 


* This transit-instrument was afterwards lent to the Eupliralcs Expedition under Colonel Chesney, and went 
to tlie 'bottom of the river in the ill-fated iron steamer which foundered there in a heavy squall. It was, however, 
shortly afterwards recovered, and restored to Dr. Lee, who thereupon lent it to Mr. LosscU, of Liverpool, as on aid 
to his mighty equatoreal reflector. 

A 2 



124 


SPEOULUM IIAB.TWBLLIANTJM. 


A qufldmnt of eiglitcen indies radiuSj by Naiinc, 'witli diagonal graduation. 

A quadrant of twelve inches, by Liverton, of Liverpool. 

A trough, h-amocl glass, and Mercury bottle for artificial horizon. 

A seven-inch theodolite, and tripod stand, by Curey. 

A small azhnuth compass, in a brass box. 

A ten-inch suiwcying compass, with sight vanes and a tripod. 

A surveying spirit-level. 

A clinometer of six inches radius. 

A cu'cular protractor of six inches in diameter. 

Hence it will be seen that the httle observatory was richly furnishod; 
and it had, moreover, an abundance of lenses well-ground, coloured glasses, 
barometers, thermometers, and hygrometers. There were two or three tele¬ 
scopes, of which the Gregorian already mentioned was the best; but an old 
one deserves notice for its respectable age, and its tolerable performance: 
it is a veUum eight-drawer “ spy-glass ” of ten feet in length, having a single 
object-glass two. inches in diameter, made by the celebrated Giuseppe Cam- 
pani, of Rome—who, with his brother, Alimensis, constructed several gigantic 
telescopes for Louis XIV. Besides which, iu the winter of 1829, when I 
became possessed of Sir James South’s six-inch object-glass, I transferred to 
Dr. Lee a fine five-foot telos’cope of three inches and three quarters clear 
aperture, which had been specially constructed for me by the elder TuUoy; and 
which proves to he one of the very best of its order: in fact, he had mad(5 
several dover trials before producing this, as he said he was “ woU aware of 
what I required.” This instrument is powerfully fitted with a range of oyo- 
])ieoes varying from twenty to eight hundred times,* coloured glasses, sliding 
adapters, prisms, and micrometer; and, being mounted on a stout equatoroal 
stand, with rack-work motion and all neccssaiy appliances, it formed a 
powerful addition to the means in hand. The solidity and efficiency of the 
portable mounting entitle it to notice— 


* In mentioning tlio wliole range of oye-pieces, I should remind a beginner that the working ones are those 
which magnify from seventy-four to two hundi'ed and sixty-two times, as severally marked on them. The higher 
powers are merely for extreme experiments 
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From having made numerous suggestions to ensure its full eficiency 
I must he allowed to dwell a moment longer on this beautiful instrument; 
es}K5cially since—for the manner of its equipment—it has obtained the desig 
nation of Svmjtliim. From the use which I made of the double-image mi¬ 
crometer lent me by Dr. Pearson (OyclQ, I. page 386), I was satisfied that the 
curious principle of rock-crystal prisms was eminently adapted for the micro¬ 
metrical measurements in practical astronomy, and for eertam delicate require¬ 
ments the most desirable method of obtaining both angles of position and 
distances, under the conditions mentioned on page 386 of the Cycle. Its utility 
for officers on foreign stations struck me particularly, since the process requires 
no artificial illumination, nor indeed any adventitious light after the adjust- 
}ncnt of the vernier line to the zero of the graduation is made; and, besides 
the avoidance of the lamp-trimming nuisance, there is impunity from the 
danger of rupturing spider-lines. Therefore in the year 1826, as there was a 
prospect of my being sent abroad, I concerted with the late ingenious artist 
Mr. Eobinson, of Devonshire Street, to out me a series of prisms, subtending 
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constant angles as arranged: tliese were afterwards accurately determined, 
together with the magnifying powers of a variable eye-piece by a Dollond’s 
dynameter. The constant angles of these crystals adopted from the 
number engraved on each prism-cap are— 


Frism 1 

2<^ = 

192" 

log. ^ = 1-9823 

Prism 2 

2(j) = 

386 

log. (p — 2*2856 

Prism 3 

2 i) = 

554 

log. <j) = 2-4425 

Prism 4 

2 = 

1027 

log. (j) — 2*7105 

Prism 5 

2 ^ = 

1596 

log. Ip — 2*9020 

Prism 6 

2 ^ = 

2474 

log. i = 3*0924 


which commanded a range from the closest wedge-shaped double-stars to wide 
pah’s, and formed a perfect Ocular Crystal Micrometer. In practice the results 
are so easily obtained, and are so satisfactory, that I strongly urged the use 
of them to certain nomadic astronomers with portable instroments; but I 
regret—for their own sates—^that my recommendation was not attended to 
—ma vedremol It is certainly a method of measuring which nothing but 
my possessing a large and stable equatoreaUy-mounted telescope, fitted with 
an e£B.eient and fuU-powered double-wire micrometer, would have prevented 
my exclusively adopting. 

In 1867, this instrument was lent to Mr. Norman Pogson, then of tbo 
lladcliffe Observatory, to use in the hnurs he was able to glean from official 
duties; and he perceived the use of the prisms, and managed the mode so 
promptly, that in tjie following year he communicated a descriptive account to the 
British Association for the Advancement of Knowledge, together with the 
measurements of various double-stars of interest. And the high character I have 
given to the telescope was fully borne out by his quickly finding one of the 
smallest planets—Hestia, with it. Writing to me on the 4th of August, 
1867, enolosmg some neat observations of the planetoid Victoria, he observes, 
“The Smythian telescope wiU be of great service in watching the variable 
stars, as it defines small stars so admirably. The companion of Polaris, and 
other more difficult tests, stand out in a clear sharp style which puts to shame 
certain larger object-glasses I have been in the habit of using.” And see the 
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neat measures of Hestia on the IfJth and 17th of that month, in the Monthly 
Notices of the Royal Astronomical Society (xviii. page 15). 

Such Tvas the first observatory at Hartwell, which, small as it was, created 
a desire in Mr. John Dell, of Walton, near Aylesbury, author of the volume 
of Evening Amusements for 1832, to possess also a clock and a transit-room; 
and I accordingly, at the request of Dr. Lee, superintended the erection and 
equipment of one for him. The two establishments were to be worked in emu- 
lation of each other; but, scarcely had the good Doctor conquered the difficulty 
of watching the stars across the wires while transiting, than he yearned for 
more power, and consequently a larger sphere of utility in the TJranian cause. 
His Alma. Mater had instilled the physical theory of astronomy into hia mind, 
and practice brought the conviction of its, so to say, tangible advantages: 

Wliile tlius we penetrate etkereal space, 

And Heaven’s wide expanse so minutely scan, 

God’s wisdom, pow’r, and tandiwork we trace— 

The noblest study of asphing itan. 

New systems open to us as we climb; 

Each glittering star gives law to circling spheres, 

Which run eternal rounds in faithfiil time, 

Nor err one moment in ten thousand years! 

Perpetual motion Heav’n’a high works maintain, 

. So often sought on earth, but ever sought in vain. 

Besides contemplatiag the admirable balance and beautiful arrangements of th<‘ 
starry firmament, he now perceived the harmonious connection between the 
refinements of science and the wants of every-day life; and he hoped tliat the 
labour he chose to bestow upon astronomy might, wliile gratifying himself, be 
of some practical use in the end. I had the honour of being therefore again 
consulted upon the subject, and readily yielded my aid on the occasion. 

Before, however, entering the new Transit Room, in giving an idea of .th(‘ 
future prospects of this observatory, it may be as well to state at once, that, as 1 
bade adieu to my voluntary labours in practical astronomy at the close of 1858—^ 
not from any f aggiTig interest in the cause, but on account of entering my 
seventy-second year—it became a serious object that such an establishment as 
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the Hartwell Observatory should not be idle. As I had personally witnessed the 
earnest zeal and talent of Mr. Norman Pogson, it stmok me that he would 
be a proper acquisition for the purpose; and, after a consultation with Dr. Lee, 

I obtained his permission to move in the affair. On this I directly applied to my 
late regretted friend Johnson, Director of the Radoliffe Observatory ; and, landing 
him not averse to what he considered would be advantageous for his assistant, 
proposals were made—through him—to Mr. Pogson, and accepted. Accordingly 
this gentleman entered upon his new duties on the 1st of January 1869, under 
the following stipulations 

L Mr. Pogson-will take the obsei'vatjoiy, tlio instruments, anti the appurtenances into his charg(!, 
together with the astronomical, mathematical, and sriciitilic hooks, documents, and papers in the 
library. The Smythian aclmomatic ought to Tcmain in Mr, Pogson’s house (with the Barton clock) 
for occasional use when tlic larger telescope is not requisite—the observations curried on there to 
belong to Dr. Lee equally with those made in the observatory. He will occupy hiuiscdf gmevalhj 
with keeping a lair transit-clock rate, and looking to remarkahle occultations, eclipses, conu^Us, and 
other casual phenomena; but mparticular^ with the following:— # 

II. Among the desiderata of Sidereal Astronomy, and a capital branch for practical scrutiny, 
is the inquiry into the condition and details oi those wondrous bodies tlic Va^uiaulic, tn* more 
properly the PEiiiomo, Stars. Though those have been occasionally observed from the days ol 
Fabricius to the present, they liayo not yet received that undivided attention—especuilly in J^^lglllnd— 
which, os a means of reaping grand results, they call fur. Tills most desirable pursuit Is tli(u*ofore to 
constitute the first and principal duty of the Hartwell Ohscrvatoiy, which may be said to have 
already enlisted R Librm, R Sagittarii, and that very curious star U Geminorum. 

III. Planetoids, or Asteroids, A search for more of these very interesting bodies—of which 
Hestia already claims Hartwell for continuous notice—is also a great object for th(^ larger tt'hiscopc, 
since from the recent discoveries they must now be sought for among stars of the faintest iuagnitud(is: 
but this work may almost be included under article XL, especially if Mr. Pogson coniplctes his 
impoi1:tuit 

IV. Sidereal Charts, os they connect those of the RegenPs Park Observatory and the Berlin 
Academy; and contain all stars down to the 12 th magnitude. This is severe work for the eyes, but 
as it can only be advantageously pursued during the last and first quarters of the moon, the intoiwuls 
will admit of attention being given to another branch of the highest sideresil interest, iianicly, the 

V. Double Stars, of which tliosc in the “ Cycle of Celestial Objects known to be buuuy, or 
suspected of being so, may be watched from time to time; especially as many of them were 
re-measured at Hartwell. Yet, No. 11. of these terms being the intended main guerdon of the 
establishinent, this kind of observation may be confined to the stars in that Catalogue—the primaiy 
of each system having been registered at Palermo, by the Ahbate Piazzi, 
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VI. In the coxirse of tlie labours liere instanced, Mr. Pogson can use Ms own discretion in tlic 
instrumental means under Ms cliarge, and as to the form of his reductions: but ns -y Virginis has 
been observed so long -with the Hartwell equatoreal and wiro-micromc'ter, it is advisable to repeat 
such measures at each apparition, for comparisons inter se, even if the rock-crystal prisms are also 
applied. And all the results and documents of every description relative to the observatory work, 
are to remain the property of Dr. Lee. 

These conditions were duly signed under my cognisance: and the importance 
of the appointment is as unquestionable, as the looming harvest is desirable. 
Such being the agreement, we may close the present chapter with a tail-piece 
representing the outside view, from the south, of the observatory, of wliich 
Mr. Pogson thus assumed the command. 



s 






















CHAPTER in. 


THE TRANSIT ROOM AND INSTRUMENT. 


Chaldeim SlieplierdB, ranging traoklesa fidds, 
Beneath the concave of nnolouded skies 
Spread like a sea, in boundless solitude, 
Look’d on the Polar Stab, as on a guide. 

WoKDBWORTH. 


Prom the sloping nature of the ground, on which Hartwell House stands, 
and the mass of trees in the south and west quarters, the site was not voi’y 
promising for an observatory of general capacity. After much examination, 1 
at last recommended that a transit-room should be built at the south-east 
angle of the mansion, where a meridian could he commanded at all times, 
&om the lower passage of Oapella on the north, to the southing of Pomallvaut: 
and in this I proposed that the moon and moon-cuhmnating stars should be 
observed as regularly as ch’cumstances would admit of, by means of a well- 
mounted five-foot transit telescope; albeit, but for such an exigence, I am averse 
to seeing so large a meridian-instrument in the hands of an amateur. 

There was another advantage attending the choice of this spot, namely, that, 
by converting one of the mansion windows iuto a door-way, the hbrary and 
the observatory would be conjoiaed. This is no small luxury for a private 
establishment, where there is no necessity for constant application, or con- 
tianous work—^Uke that of turning a cutler’s wheel. It often happens that 
there are intervals between the observations on the agenda for the evening; 
and frequently as well as suddenly the weather varies for a time, with a 
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promise of clearing off again. Now in sucli cases here would be a desirable 
and pleasing retreat from the instruments into “ The House of Treasures,” as 
Ezra happily termed the depository of books and documents. Herein are 
found the solid productions of philosophers and men of sound acquirements 
in all the scientific branches; works so especially dear to those who observe 
the golden rule, of asking no questions on those points which they can find 
out for themselves, and thereby nail the memory. This is the true use of 
books, those silent friends, of the value of which Daniel Hoinsius (died by poor 
Burton) said—“ I no sooner come into the library, but I bolt the door to me, 
excluding Lust, Ambition, Avarice, and all such vices, whose nurse is Idleness© 
the mother of Ignorance, 'and Melancholy her self; and in the very lap of 
Eternity, amongst so many divine souls, I take my seat, with so lofty a spirit 
and sweet content, that I pitty all our great ones, and rich men, that know 
not this happinesseand Cowley, with a like feeling, exclaimed— 

Hail bonk of all past ages! wlicro books lie 

T * enricb witla interest posterity I 

The next point was, so to apportion the new structure, that it should 
deform the aspect of the mansion as little as possible: on communicating my 
anxiety on this point to my friend* Mr. Sevan, of Leighton Buzzard, ho 
declared that it would never look half so ugly as the green-houses which he had 
seen against some of our best mansions; "and, after all,” added ho, “who 
would listen to any one who could dare to decry building an observatory ?” 

Early in 1831 I opened the trenches by drawing a meridian-line: my 
data were equal altitudes of the sun, taken with a well-adjusted reflecting-circle 
by Troughton, and an artificial horizon, and there was also the time by the 
portable transit. Erom this we raised perpendiculars to strike the angles of 
the south-east corner of the library wall, and, having stumped out the dimen- 


* The late B. Bevan, •C.E, died on the 1st of July, 1888. The night of the lunoi- eclipse wclb his last: he rose 
from his bed and observed the commencement, but expired during the progress of the phenomenon. 
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rions, dus thr«.gl. the «mdy ruWe 

, fo. P'f'^;;-^“;l^ae.pe.ie.oenode.^-o- 
single instrument m mew, was ^ 

“Et.r: - :.=ir= 

iriieLTtZto gJLd against damp, and a oapamous dry ^ 

carried »u as not to touch them, while end-ploy was freely allow e 
tread of people. This is the orosa-seetion, from north to south ; 



SCAliB OF FKBT. 


Indeed I must confess that there was no sparing of materials in the con- 
struotiou, for, though the transit-room is only eighteen feet by twelve - smteon 
feet in i-eiEiw. outside and ten feet five inches mstde-with an ante-room of 
ciEht feet and a Irnlf, there were nearly twenty thousand bricks used, reckoning 
fl thousand five hundred to each rod of work. The flooring was laid to a 
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level with that of the ianer apartments of the house, and, the wall under the 
south-east intervening window being cut away, the observatory and library 
became as it were incorporated, agreeably to the wish and intention already 
alluded to. The ante-room is fitted for the keeping and trimming of lamps, 
by which the chance of dirt and oil among the necessary books and papers is 
lessened; and a flight of steps leads to its flat and well-leaded roof, on which 
the five-foot achromatic telescope was occasionally placed for use. 

Prom the form of the eastern portion of its wall, and the interior lockers 
fitted on the west, the transit-room is octangular in shape, with its centre cut 
by the north and south windows, and the ohax or slit through the roof from the 
north to the south horizontal points. I had made arrangements for the shutter 
which closes this being counterpoised with weights, as in my own at Bedford; 
but I one day found that a busy-body had suggested lifting it by a crane-necked 
contrivance which I never could approve of, although good John May, formerly 
an armourer in the navy, but now lying in Hartwell churchyard, had made 
it of most unexceptionable materials and workmanship. I submit a represen¬ 
tation of it as a warning to meddlers, because what is termed at sea an “ Irish 
purchase ” is shown by the position of the central pulley; had it been a little 
lower, the cosine of the chord between it and the shutter would nearly have 
assumed the maximum state of helplessness. Even now, its chief action is 
that of battering the roof and shaking the ceiling— 
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During the time this transit room was hoing constructed, Mr. Thomas 
Jones, of Charing Cross, was employed in getting the transit-instrument ready, 
nn fifty my immediate inspection; and, as simplicity with capability for duty 
forms a very considerable point with me in all mechamsm, and the workman¬ 
ship was limited to only what was necessary, it was soon completed. The 
telescope has an aperture of three inches and three quarters, and is sixty 
inches in focal length; it carries two reading circles divided on silver and 
furnished with clamps and tangent-screws; and it is efdciently provided with 
a full battery of eye-pieces, sliding plates for them, and rack-work motion to 
moderate the Hghting-up of the Unes withiu the telescope. It is borne at the 
centre by two weU-proportioned cones, having a circumference of twenty-five 
inches at the telescope, which terminate in rigorously turned pivots of boll- 
metal of ono inch and a quarter in diameter: one of these is perforated and 
fitted with a lens, to communicate the hght from a lamp upon the pier to the 
irnifty illurainatmg reflector, and from thence to the spider-lines, or wires, at 
the eye-end. These pivots, which are thirty inches apart, rest upon T’s, also 
made of liell-mctal; but, whether wisely or not may be questioned, the latter 
are additionally hardened by the introduction of a thin slice of Brazil pebble. 
The bearing of those applies to the whole length of the pivot-cylinder, whence 
the counterpoising is so regular that the instrument is pointedly steady at every 
altitude in the plane of the meridian. A well-constructed sensitive riding- 
level is placed over the cones when required, and stands upon both pivots; 
its glass tube is supported by the middle, and not by the ends; and it is 
furnished with a cross level and screw-adjustments, with counterpoise weight, for 
levelling it at right angles to the main axis. The whole is exaotly on the plan 
of that which I had made for myself, and mounted at Bedford, as doseribed 
in my Celestial Cycle, vol. I. p. 329, from which it only differs in focal length, 
and a little in aperture {see the plate). It was completed at a cost of 106Z. 

Meanwliile Mr. B. L. Vulliamy, of Pall MaU, had imdertaken to make a 
clock for the transit-room, and a better train of wheel-work eannot be turned 
out of baud ; but the beat is certainly inferior to that of Hardy’s escapement. 
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The frame is a particularly strong one, and all the parts are screwed together. 
The wheels and pinions are cut in very high numbers, which renders the 
action of the wheel-teeth in the pinions extremely smooth; and the combi¬ 
nation is such, that it seems to have all possible means to overcome its own 
friction. The escapement is Graham’s dead-beat, with steel pallets mounted 
in a brass frame: and it will be recollected that the preference for this form 
arises from the dead-beat being so true, that no variation in the clock-train is 
likely to have effect upon the time of oscillation of the pendulum, (iven though 
it may alter the extent of it on the arc of vibration. Tlio pallets are portions 
of a ring, and the fittings of the arms that carry them arc enthely formed 
by turning. There is an adjustment to the pallets to open and close them, so 
that the teeth of the wheel shall fall safe on the face of the pallet, and no more. 
The pivot-holes are all made of fine pan bi*ass, mounted in a setting, and 
the end-shake determined by regulating-screws. The pendulum is suspended 
upon an independent support, entirely detached from the clock, the sole con¬ 
nexion between which and the pendulum is through the medium of the crutch, 
and consists of two adjusting screws. The clock was brought to Hartwell, 
aaid singularly well fixed, on the 14th of November, 1832. By the side of its 
solid mahogany case two upright carnages and plates arise, in order to support 
two large brass brackets and stands, on wliich the lamps are placed for illumi¬ 
nating the clock’s face; above wliich stands a Hardy’s “noddy.” Its price 
was one hundred guineas, besides incidental expenses. 

As I had used a pendulum contrived, on my own suggestion, by Mr. Jones 
' of Charing Cross, and considered that it obviated certain faults in the usual 
stirrup support of a mercurial cylinder, I wished that Hr. Lee s clock shoidd 
be also fitted with one. Mr. VuUiamy’s assent to this proposal was thus 
expressed to me, in a letter dated June 27th, 1831 

1 am much flattered hy the conlidonoc Dr. Lee reposes in me, and will siiarc no pains to make 
such a clock as shall give him perfoct satisfaction: at least as far as is in my power. 

With regard to the pendulum, after what you have said, I will with much pleasure make it 
you teijuirc; hut 1 must claim from you the promise which you made me when 1 saw your clock 
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at Bedford, of obtaining from Mr. Jones the mode of applying the brass ease or covering to the 
steel rod. 

You must excuse my making a positive promise as to when the clock shall bo done. I 
depend a good deal upon others as well as upon myself, and with the best intentions I freqixently 
am lamentably deceived as to the time in which I can execute a piece of work. In this case 1 led 
I am under an obligation to you, as well as to Dr. Leo, to get the clock done as soon as pructicabh', 
consistent with its being well done, and you may rely upon my so doing. 

"WTiat chance is thereof my lather’s fine clock being admitted into your Obsciwatory ? 1 

have an idea it would perform uncommonly well. 

The pendiiliim thus alluded to, is still in high favour with me after more 
hbn.Ti thirty years’ acquaintance with it, and is therefore entitled to especial 
mention. This very simple and effective adaptation consists of a round steel 
rod, long enough to pass through the mercury, and nearly to the bottom of 
the inside of the cylinder containing it. The suspension-piece at the top of the 
rod is a bit of watch-spring, in the usual way: but the lower end of the rod has 
a screw on it about two inches long, the threads of which are each equal to 
one-thirtieth of an inch. This screw works into an appropriate piece fixc'd 
to the metal bottom of the cylinder’s interior, thereby allowing sulhciont adjust¬ 
ment, according as we would compensate for mean or sidereal time: and the 
inside of this recipient is carefully and well coated with cement and gum lac, 
so that the quicksilver can never come in contact vdth the brass surface. 
The steel rod is covered loosely with a thin brass tube, which is pinned to its 
upper end, and passes below to the top of the cylinder, over which is a brass 
cover with a slit at its side, embracing a pin which projects from the cylinder’s 
outer surface. The broad edge of the cap is engraved and divided into one 
hundred and twenty parts; and, as the pendulum-screw has thirty threads 
in the inch, it is evident that the unit of the scale by which the cylinder with 
its mercury may be raised or lowered, is the -j-bW of inch. A steel point 
for marking the arc of vibration is fixed on the bottom of the cylinder; and 
there are screws for the necessary adjustments. 

As the excellence of the mercurial pendulum depends on the relative 
action of the steel rod and the quicksilver, it is evident in tlus instrument 



THE thansit boom. 


137 


that they are in constant communication Avith each other, for full six inches of 
the rod is always immersed in the mercury, winch is not the case in the 
usual construction, where they are never in contact. Moreover, both the rod 
and the mercury are covered with the same material, which gives them a fair 
chance of acting together; whereas in the stimip-construction the quick¬ 
silver is contained in a glass vessel—a bad conductor of temperature, wMe 
the rod is naked and exposed to the air. Hence the rod may undergo many 
changes of heat and cold that the mercury is defended from; and the addi¬ 
tional hamper which the old construction reqmres, must occasion a greater 
drag, however difficult it may be to appreciate the amount of such an effect. 

Another point in which I have been rather nice in a clock’s performance 
is the weight, which is often sufficiently rude to wear the pallets and endanger 
the pendulum spring. I therefore directed one to be made in divers cyhndrical 
pieces, hke my own, so as to be capable of being adjusted to any quantity 
between four pounds and nine pounds, within one quarter of an ounce. If a 
pendulum vibrates two degrees on each side of the zero point of the arc, that 
marks as much weight probably as ought to be employed permanently: at 
the same time there is no objection to enlarging the arc of vibration, by 
increasiag the maintaining power to a certain extent. In the HartweU. clock 
I found that, with seven pounds one ounce, the pendulum vibrated one degree 
fifty-four minutes on each side of 0, a range to which it has been confined.* 
Much of this will be sufficiently trite to the magnates of practical science; 
but that is not altogether the class to whom these remarks are addressed: and 
fortunately it was never intended that the world should be peopled only with 
giants. Leaving the leaders, therefore, to their experience, knowledge, and 
plenitude of power in the great observatories; we are here only bent upon 
showing any tyro, how he may enjoy the glorious heavens without bewildering 
himself in severe mental and mechanical drudgery, and meet the smiles of 


+ It may bn os well to aeWise those who meddle with the weights, to stop the clock on such occasions; as the 
pendulum should not on any account be sufTered to vibrate when not under the influence of the maintaining power. 
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Urania wiiliout approliension of cncouutevinij h«v frowns. It is tliovofovc* qiiit^ 
in place to insist on the advantages which a private establishment of this 
nature obtains, from deducing a due registry of time, and to jioiut out that the 
keeping an accurate clock-rate is one of the neatest works of a pve])ense ob¬ 
server. The machines are, to be sure, so admirably constructed now-a-days, 
that little irregularity in the march need be dreaded in an interval of two or 
three days. But such are the imperceptililo alToctiona of esoapouient and pen¬ 
dulum, train and its drivers, in impulse and monicntuin, that no rcnilly Kcalous 
star-gazer ought to leave their errors so long unascertained. Whevti occa¬ 
sional absence or bad weather hitcriiose and ];)revent a dn(^ examination, 
then the goodness of the clock must be ndied upon ; and it is on this account 
that every practical man should bo provided ivith mechanism capablti of such 
good performance, as to aim at excellence. Constructive iiigoiinity luis wx- 
tainly advanced so near to perfection, humanly wSjioaking, in this art, that a 
clock of any claim merely requires to be well treated and looked to, and it 
will render the most satisfactory results. 

The clock being jfixed, and the ti*ansit instrument rigorously drawn into the 
meridian by reference to the polo and circum-polar stars, it becann', m^eessary 
to establish permanent points ol‘ reJbrcnce, l)y which not only the mc'ridian, 
but other adjustments also, might be tested from time to time; and, as distani 
objects cannot always be seen in the day, and arc ])rocUided at night, 1 
determined upon strengthening Dr. Lee’s means by two of the meridian marks, 
of which I had found one so useful at Bedford (See Astroiromical Society’s 
Memoirs, vol. iv. p. 648). To mount these with a propriety dne to tlu' site, 
we had them inserted into blocks of marble cut at Bedford, from drawings 
made by Mrs. Smyth. The north nnvrk is a representation of the Temple of 
Janus, as given on a large-brass medal of Nero, inscribtRl pace populo 
ROMAKO TERRA MARIQUE PARTA JANUM CLTjsiT. Scc my Dcscriptivo Catalogue 
of-a Cabinet of Roman Imperial Medals, printed at Bedford in 1834, for 
private circulation, page 43; for the coin there described. Number 60, is that 
from which the temple is coined: 
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This meridian appliance was suggested to me hy Baron do Zach, on our 
jommey from Genoa to Bologna, to catch the solar annular eclipse of Sep¬ 
tember 1820. The south mark is exactly the same as the north one,—but it 
is mounted on a miniature of the fagade of the Temple of Concord at Gu’gcnti, 
with its central columns omitted for the insertion of the meridian plate . 
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In order to suffer aa little alteration as i) 08 sil)l('- tVo.n corpusculMi- or otlior 
action, tliese marble temples were placed on stout bns(Mn(‘ni slooos t.j.oi. ti 
solid brick-work foundation; which last was, for th(‘- stuno nviM.o, carriod no 
higher than was absolutely necessary. Tlicy wove plnce-d v<‘s|>.vtivcd.v at, llu‘ 
distance of one hundred feet north and south of the obwn'valory slil ; and the 
reference was by means of two lenses, ono in each uindow sill, ,.,iuiind to 
exactly 100-feet focus, and mounted in brass franu^s with IuIm-s lhrou^dl tlu^ 
walls. The marks could of course be readily shown wheurver it might hocoin(> 
necessary, at any hour of the night, by mcaiis ol a small liand-lam]) juul n 
simple tin reflector on a stand. 

It happened that, while these arrangomonts wor(» in hand, Mr. I)a\ii's 


Gilbert, late President of the Eoyal Society, came on a visit, to Hcdtbrd, 
n,Tid was persuaded to accompany mo to llartwidl, and inspiud. tin* oli.si'r- 
vatory. On being shown the transit instrument, and aotpiaint.tid with tin* I'tul 
proposed, he warmly approved of the intention: “lor,’* said In*, “it may ht* 
very unexpectedly useful, as stars may be takciU lnn*(‘. wln*ti llm sky shall In* 
obscured at the regular observatories. And how (*un<mH it will In*! if a phi(*i« 
in Kamschatka, or China, or other distant region, shouhl have! its longitmh* 
determined some day or other from Hai'twclU” Siii(*(i this n'lnark was nttorod. 
Dr. Lee’s records have been ransacked on sevoval occasions, for In* is disposed 
to attend to every proper application which is made to him. Hut perhaps tin* 
nearest fulfilment of the Gilbert prediction was, wlien the lat.c* worthy and hard, 
working Admiral Philip Parker King, R.N. of New Kouth \Vah*s, who was a 
visitor at Hartwell in August 1849, found eight m(Jon-<*uiminating stars— 
corresponding to those he had observed in Australia, in tin*. y(*ars IKl-o, (>. 
and 7,—which he had in vain endeavoured to obtain elsmvlu're 

In this recollection, I am not insisting on the merits of inoon-<*idminating 
stars beyond values of a certain degree. They ure by no nu'aiis adapted 
for determinating small differences of longitude witli j)i*e(*isic>n; for ’ivhi<*h 
nothing under one hnndi-ed complete sets, namely, fifty of ea<*h lind) of the 
moon, should he attempted. With a fixed transit iustruineut the (Jrtnmwieh 
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clock-stars may be used as culmiuators, though they are not, as udth the 
selected stars, equally above and below the moon; and, bi all cases of small 
arcs, a single journey with a batch of chronometers will yield the longitude 
bettor than one hundred transits of the moon, which would occupy perhaps a 
couple of years, besides being attended with great trouble of computation. 
The longitude from one lunar culmination is not unfrequently twenty-five 
seconds of time wrong. But, with all the possible imperfections on then- head, 
my reason for recommending the consecutive observations of them was on 
account of there having been, about that time, a kind of conventional adoption 


of them in the observatories of Europe. 

Although Mr. Maclear—the present distinguished Astronomer-Eoyal of the 
Cape of Good Hope—and myself got a good arc between Biggleswade and 
Bedford by their means, as shown in the Memoh’s of the Eoyal Astronomical 
Society, vol. iv. p. 664, still, on several computations, I found that the results 
for such difierences would inevitably be anomalous. But this does not 

apply to larger aa*cs: there, while other methods might en’ greatly, or be 
seldom available, the moon-culminators are not affected with greater errors 
and uncei-tainties than in the small distances. Yet, in aE cases demanding 
implicit faith, a large number of weE-taken observations of both bmbs must 


1)0 accumulated for discussiou. 

Botore quitting this meridian-ioom it may Ue as wdl to niaio allnsion to 
tl,e now mode ol taiing the transits ot culminating hodies, so mentonously 
adontod hy our trans-Atlantde brethren, hut so hastily therefore designated 
the “ Amorioan method •” tor, il by that name it is to he oonsidered an Amencan 
iuvontion. a reclamation must he made. In doing this I will not proceed by 
alng tlio cmde hints of &noy and uague suggestions, or hy conjmi^ up aUu- 
,i„ns in nnprodnceahle letters torn A to B : my averment shall rest jn 
;Io enhiUtions and public experiments publicly reported in the offleiM 
Lords orpnhlie societies; and which worn published and eire^ted W- 
LT the wLd. several years before the said method was used on the otoer 

side of the Atlantic. 
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Among the various applications which the skilful Professor Wlieatstone * 
has made of the principles of his electro-magnetic telegraph for different sci¬ 
entific and iadustrial purposes, he described to me the means by which he 
enabled the time of a single clock to be shown simultaneously in a great 
number of places, or in other words to telegraph time instead of talk. He then 
fully explained that which I afterwards saw in action, namely, the wheel for 
making and breaking the circuit, and the action on it by the arbor of a clock, 
which forms the main feature of reciprocating motions. This chronoscopo, or, 
as the Professor then called it, telegraph clock, was described in the Bulletin 
cle VAcademie Boyal de Bruxelles for October, 1840, by M. AdoL Quctclet, 
the able Director of the Belgic Observatory. Prom that description I will 
here submit an unanswerable passage— 

Sots lo point de yuo scientifique, lea r68ultata qu’on pent rccuoiUir dcs tflegraplics elcctnqncH 
dc M. Wheat^one sont immcnses. Ainsi, pour les locality par oh posscra la ligno teldgruiiliiquo, 
la Mtmnmotion dea longitudes, I’unc dcs op&ations Ics 2 ilus dclicatcs dc rastronoinic prathiue' 
noffl-u-a plus la moindre diffioult6. D’uno autec paat, d’aprCs une disposition paxticuliere, nnJ 
pcudulo pent donner I’lieurc h toutc unc maison, & toutc une villc, mGinc H tout un imys- lea 
I.enflules auxiUaircs qui marquont les hcurcs, Ics minutes, los sccondos aux m6mc instants i,ue k 
pcndulc rcgulatrico, no sc composent quo d’un simple cadran: aussi M. Wheatstone les nonnne 
sriuclettca ^ dea pcndulcs. Lkuteur compte aussi employer scs proced& pour mesurer, avee 
unc prdoiaiou qu’il croit pouvoir porter d un centikne dc sccondc, la vitessc dcs projectiles. 11 
sci-ait difficile dc Umiter les applications auxqucllcs sc prStcront les ingdnioux apparcUs du M Wheat 
stone. Ndanmoins I’un dcs plus beau titres scientifiques dc Ikutcur, sera toujoiu-s d’avoir mesure 
1 incroyablc vitessc du fluid© dlectnquc qu’il devait employer si lieurcuscment plus tard. 


* This gentleman, the most remarkable inventor of our day, has had much obfuscation to put up with Thouoh 
he .undoubtedly the tot contriver of the Electric Telegraph in the form which made it available 

nibbttot “TrStereoscope was clied m,d 
mbbled-at, and his sub-marine Telegraph, of which ho showed me plana, and publiolv esnlainod -i 

* m* smothered in other names; hence the Ahbd Moigno, in his 

de TSle^-aphe EUcingue, pointedly says, -M. QuetOet avait amonaS, 1840, guo M. WheatelcS 

moyen detran^Ure lee «p«nu: entre VAvgleterre ei h. France, malgri VobetacU de la mer.” I am not aware of any 
^ekooyet sitting upon his incomparably simple Polar Clock, though invasion may bo looked for Ma evetta L 
Time is a great adjuster of these anomalies I ‘ 

Two papers by Mr. Wheatstone on electrical subjects ought to be recommended to the reader namelv « 
menls to determine the velocity of Electi-icity, and the duration of electric Imht (1884) • ” and “ New inatn ^ 

and processes for determining the constants ofa Voltaic Circuit (1843).*’ “ New instruments 
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Inventions ■which are based on experiment cannot—like Minerva start 
into the world armed at all points; it is therefore not in my power to state bow 
long the above-mentioned matters may have been in hand before they were 
thus communicated. Enough, however, remains for the ends of justice, for I 
had frequently the pleasure of discussing these topics ■with Wheatstone, he 
over beiag liberally communicative. In November, 1840,1 was present when 
his clocks were sho^wn in full action and described, not to an unciteable 
individual, but to a large meeting of Eellows and Visitors of the Eoyal Society, 
■under aU the scope the various rooms of their apartments would admit of. The 
description then given was published at the time in the authorised Proceed¬ 
ings ” of that body, and the inventor’s view is thus expressed 


The object of the appaiatuB forming ihe subject of this communication is stated^ by the author 
to bo dial of enabling a single clock to indicate exactly the same time in as many different places, 
distimi from each otlrcr, ns may be required. Thus, in an astronomical ehse^ato^ eve^ room 
may be furnished with an instrument simple in its eonstruetien, and therefore httle hah e to 
derangement, and of trifling cost, which shall indicate the time, and beat^ dead seconds au by, 
with The same precision as the standard astronomical clock with wHeh it j connec^ thus ob¬ 
viating tho necessity of having several clocks, and diminisHng the trouble ofwmdmg up and 
regulating them separately. 

At or alout this time he also recommended some ftirther appliances for 
astronomical purposes, hy which the ohronoseope became a chronograph! and, 
to my peraonal knowledge, he strongly urged to some leading astronomers 
its importance for registering transit-observaiions. further notices of hia in- 
vontion appeared in the Bnlletin of the Bmsaella Academy for May 1848, 
tho Heotrioal Magazine for October 1844, and the Comptes Eendns of the 
Academy of Soienoes at Paris for May 28th. 1846. Now the flirt attempt to 
dotermino a longitude in America hy means of the electric tdegiaph. n^dy, 
that between Washington and Baltimore, was oondueted hy Oaptam WJkM 
m Juno 1844. four years after Wheatstone had been endesTonrmg to mmte 
Buropean emrna to the step, and after the practioahility of it was pn a e 
to the world. This is not enaotly the arena for a lengthy discussion of the 
subject! but, with great regard for my ftieuds the Bonda, and all due respect 
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for tlie Loekos and Mitchells in their laudable exertions as to noting the passages 
of celestial objects oyer the meridian of a place by the agency of a galvanic 
current, I feel compelled to reduce their noble to nineponco. Armed with a 
l)erfeet recollection of facts, and supported by indubitable documents, I there¬ 
fore lodge a hearty protest in favour of Wheatstone’s priority of invention; 
^^^d I ratify niy declaration with this of the argument _ 

It ia oloar from various official publisliod records tliat, so curly as 1840, long before the 
Amoricans bad moved in tlio matter, Professor Whcatalono had seriously proposed the ap])lica(.Ioii 
of the electric tolegrapli to detormino terrestrial longitudes, had openly mounted the eloetro-mag- 
nctie clock by ■which the apparent time at different stations might bo accurately compared, and hml 

constructed an clcctro-inugnctie chronoscope, liy -whioh the most minute (liffcrcnces of time mi<fht lie 
(Icitcirniiucd. ^ 

llicBo inventions were first announced in the Bulletin of the Academy of i’.rusKells (or 
October, 1840. The description of the clcctro-imiguetic clock was published in the Proceedings of 
the Ilojral Society Ibr November the 26th, 1840, and that of dilTercnt eloctro-maguetie chrono- 
scojies in the Comptes Eendus of the French Academy of Sciences for May 16, 1845. ’’nio latter 
also contains tlie description of an instrument similar to those shicc rued by the Americana in their 
transit obaui-vations after 1849 * 

IMermi unimum meum! hut a word more upon tho subject of catcliing 
a transit under untoward circumstances. On visiting Oxford some time ago, I 
found that Mr. Johnson had fitted a simple apparatus to his transit-clock, 
in order to insm*e the hearing of its beat in windy weather, or under accidental 
noises; and, on making a tiial, I was satisfied of its utility in certain cases. 
Mr. R. 0. Carrington, acting by Johnson’s advice, had also procured and used 
one; and, in answer to an inquiiy which I made, replied, “I found it of the 


* I am but indifferont authority on the point, yet I must confess, ohseryatorially speaking, that at present T sec littie 
more in tho chronopaph than a moat ingenious pieco of mechanism, for, as far os i yet know, I coL have obtained 

aa good a transit With the usual instrument inmy palmy days of sccino* and nf -f i j • 

monj. Though tho ^ronograph may cure personal equation and showt probable omr, LLrmrs^ro Mt^mmon 
m other registers. A tolerable night’s observations wifi require a couple of hours unravellinrar nlTng off 
Int part of the practice, however, which ie still susotptible of iuipLe-’ 

hate observatories, though it is an elegant and wonderful convenience to 

The appUcaZreTeclriciTrTf^^^^^^^^^^^ is.t 
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fjroatest use at Durham in high wind, and whenever there was a general noise of 
any kind.’’ Wishing therefore to know something more about it, I addressed to 
the Radoliffe Observer these queries, namely: 1. Are you the inventor of what I 
shall now call the Searmg Tube? 2. Of what material is it made, and how? 
3. Is it easily procurable and reasonable in price ? 4. How do you apply it 

when observing ? 6. How have you found it answer in practice ? To these 

questions he answered, June 19th, 1868, as follows:— 

In reply to your curt and pithy inquiry about the Hearing Tube — 

1. I know of no precediug application specially to a transit-clock; but I take it that the 
inventor of the ordinary hearing apparatus may partly claim the merit of this also; and he is quite 
welcome. 

2. It is of the same material as the ordinary hearing tube—vulcanized India-rubber—with an 
iron spring running tlirough; the spring, in our case, might, I think, be advantageously dispensed 
with. Carrington’s is a length of gutta-percha tubing, of about half-inch bore. 

3. The cost is trifling, and witli the alteration suggested above it would be still cheaper. But 
the saucers, of which I shall next speak, were made of ivory for Carrington. 

4. At the ends of my tube two, nearly flat, saucers of wood are attached, having a hole in their 
centres for the passage of sound. One of these saucers slips into a frame or socket screwed upon the 
clock-case. Tlie other end the observer holds to his ear. We found it was unnecessary to perforate 
tlie clock-case. 

5. I have ofren saved an observation by means of it when the clock beat would have been 
inaudible. It requires a little practice, since the disturbing noise of course wiU come into both ears 
of* the observer, and the tube is applied only to one. I had a small hole cut in my observing-cap, 
with u little frame made of card-board, covered with silk, sewn on the outside of the cap. Into this 
frame I used to place the saucer at tlie end of the tube, and slip the cap on my head till the orifice 
oI*tho saucer came opposite my ear. In doing this I also, of course, covered my other ear; wliich 
served in some degree to drown the sound of the wind, or other disturbance I wished to avoid; but 
to do so more completely, I used to ‘put my hand to my disengaged ear when in the act of 

observing. 

This certainly was not so agreeable as if you had no appendages about you; hut it was a case 
of being able to do anytlimg or nothing, I never was beaten by any other noise than that of a train 
passing on the railway at 600 yards off. This is my ovsm experience, and I won’t answer for any 
body else. 1 may add, that it was necessary sometimes to press the saucer to my ear closer than it 
would have been if left attached only to the cap. In this case I used, when looking towards the 
zenith, to lay my note-book on my chest. If observing towards the horizon, the hook may he easily 
held in the hand at the same time that you are pressing the end of the tube to your ear. 

It is to be hoped with the lamented Johnson’s lucid explanation, and the 

u 
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sahjoincd illustrative sketcli by Mrs. Smyth, that the amateur -who is desirous 
of applying the Hearing Tube mil readily accomplish it: and the importance 
of affording every aid to the operation of securing a good passage over the wires 
win become evident on reading the able essay of Dr. T. E. Robinson, of Armagh, 
on the “ Probable Errors of the Eye and Ear in Transit Observations.” During 
the passage of a celestial body, the ear counts the clock beats, wliile the eye 
watches and notes the distances of the star from the wire at the beats which 
precede and follow its orderly march across the field: “ and thus,” he remarks, 
“the mind estimates the fraction of the seconds from the relative position of 
tlireo points; all existing in memory alone, when that estimation is made.” 






CHAPTER ly. 


THE EQUATOllEAL TOWER AND TELESCOPE. 


“ What crowd is this P what have we here ! we must not pass it by; 

A TBI..E8COPE upon its frame, and pointed to the sky."* 

WoEDSWORTH. 

Notwitiihtanding that contentment is a yirtue much vaunted in morals, it has 
not acquired great esteem in the sciences: nor was it more than three years 
after Imilding his transit-room, and furnishing himself with the beautiful five- 
foot telescope, that Dr. Lee compassed the enlargement of his astronomical 
moans, hy purchasing a splendid object-glass, of five inches and eight-tenths 
in diamcto]*. On his making this acquisition, I was again consulted as to 
adding an equatoreal tower to the meridian observatory. I had, to be sure, 
sundry scruples on the occasion, inasmuch as the site, though very excellent 
for a meridian instrument, was extremely inapplicable for one which would 
be expected to sweep around: and I moreover maintained that the finely-figured 
five-foot achromatic with which I had supplied him was fully equal to 


* Tlio poet tellB us that this teleseope was placed iu “ Leicester’s busy square "—a square which T passed oue 
fair night with some A 1 Astronomers, on our return from an evening meeting. Here we found a scene exactly 
as that described in the “ Star-Gazersand, on making inquiry, we find the " Showman’s ” charges were— 
“twopunce for the Moon, and fourpenco for Jupiter.” Tliis is surely reasonable enough to invite all to a peep; yet 
1 have known educated elders not ashamed of avowing, that they had never viewed a planet through a telescope! 

By the way, while alluding to this poem, I am not likely to forget that when, in July 1838,1 had the honour 
of having an honorary degree conferred on me at Oxford, E marched into the theatre between Astronomy and 
Poetry—Ilorsohel and Wordsworth, with both of whom I had had many years of acquaintance—and we were all 
“ doctored ” together; my learned friend the Chevalier Bnnsen, of Prussia, being also one of the batch. 
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occultations, eclipses, and all the extra-meridional requirements of the place. 
However, after a reasonable time, I withdrew my opposition, and considered 
the conditions of the problem with attention. In the first place the new 
object-glass, which had nothing but its brass cell, was carried to Mr. Dollond, 
with a view to its being armed with eye-pieces, and mounted precisely in 
the manner of mine at Bedford. We then took steps for fitting the tower 
symmetrically to the observatory, so as to form, as it were, a part of the 
original plan; and its erection was attended with the same amount of care 
and attention to solidity and strength, that had been already adopted in the 
building of the other portion. The success of this is shewn by the linos 
of the whole building, as they stand at present:— 



6 10 16 20 


SCALA OF FAST. 

When the addition was thus carried in our synod, I called in the aid of 
my zealous friend Mr. Charles May, then of Ampthill, but afterwards of the well- 
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known house of Ransome and May, of Ipswich, under whose admirable ar¬ 
rangement the undertaking was finished. Detern^ed that the foundation 
should be equally stable for its purpose with that of the transit, we again 
called sifted Eoman cement and the very best brick-work into requisition; 
and the structure quickly assumed an important appearance. Besides the 
north and south piers for the supports of the polar-axis, a smaller one was run 
up in the centre, as there was a suggestion for using a smaller instrument there 
occasionally; and the bottom part of the pier-chamber was well fioored with 
brick laid iu cement—resting on a bed of concrete and rubble—by which means 
the damp liable to arise from the ground is interrupted. And the following 
is a section through the structure, in a north and south line;— 



This tower has an interior diameter of fifteen feet, between walls which are 
fourteen inches thick in brick-work, capped with a Portland-stone coping in six- 
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teen stout blocks, for bearing the iron channel and curb for the rollers on which 
the hemispherical dome, rising ten feet higher, turns. By the coping projecting 
outwards, it forms at once a moulding and, by a groove on the upper side, a 
channel for the rain to pass off without running down the waU. A cast 
iron ring, made also in sixteen pieces, rests upon and is partially imbedded in 
this cappmg; the joints are made true, so as practically to be like a single 
castmg. In this is a shallow circular groove four inches and a half wide by 
tliree-quarters of an inch deep, and of the curvature due to a radius of four 
inches, m which three iron balls of six inches and a quarter diameter are placed, 
for the dome to run upon; and it revolves with the greatest smoothness and 
ease to any quarter of the heavens tlie observer may wish to examine. The 
dome, m form, is almost a hemisphere, and is constructed of fir-wood in several 
thicknesses—each piece about six inches deep by eight inches and a half in 
width--the inner diameter of the dome being fifteen feet four inches. To the 
underside of the aforesaid curve is secured a ring of cast iron with a circular 
channel, being the counterpart of that just mentioned. From the upper side 
of this curb spring sixteen curved rafters of cast iron, the section of which 
IS that of a -r, and the upper ends of these meet against a cast-iron ring of 
about three feet diameter: fifteen other intermediate rafters of simile.- section, 
but shorter, abut at their upper ends against cross-pieces connecting the fifteen 
main rafters, the sixteenth being left out to form a clear opening for view. 
The^ rafters are filled in between with two inches and a half battens, jointed 
straight, rabbeted in their length, and the ends meeting at the back of the 
rafters, where they are firmly screwed upon the back ribs of the same The 
inside of each piece of wood being flat, the whole interior is, of course, polygonal • 
but the outside is adzed off to the proper curve, which is covered with thin 
copper sheathing. The opening for observation is continued to the upper ring, 
and IS equal to one-sixteenth of the circumference: the shutter moves on a 
pm at the apex of the dome as a centre, and it is carried at the bottom by 
roUers on a bar fixed to the wood curb; there is also a toothed mck and pinion 
with a handle inside the dome, to give it motion. The shutter itself is one 
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piece of kanoiiiered copper, leas than one-eighth of an inch thick, and it has 
a ridge on each side for the purpose of stiffening it, and to act as a defence 
against rain driving in. 

About seven years ago, the outward appearance of this dome was greatly 

enhanced by a characteristic star replacing 
the former plain spherical knob. The rays 
of this polygonal star are formed of three- 
sided pyramids of sheet copper, soldered to¬ 
gether, and the whole strongly gilt, m order 
to stand the weather. The object in having so 
many rays was, that in almost every position 
of the Sun, as regarded the star, some of the 
faces should be visible as reflecting surfaces. 
The ingenious ornament was made by the late 
Mr. Benjamin Bate, of London, at a cost of 
251.; and after his decease, when his business 
was broken up, Mr. May obtained it by purchase, and most kindly presented 
it to the Hartwell Observatory. 

I have been the more particular in describing this roof, not only on account 
of the great comfort I have experienced under it, but also because the Hartwell 
Dome may very fairly be termed the first development of that latent talent 
for observatory engineering in Mr. May which has since been so uneq[uivocally 
manifested in various undertakings for the Astronomer Royal, Mr. Barclay, 
himself, and others. When I planned my own revolving-roof at Bedford, 
economy led me to construct it of a straight-lined conic shape, instead of 
fashioning the ribs to a semi-circular bearing, as had then generally obtained. 
But in this for Hartwell, where it was more imperatively necessary to consult 
appearances than with me, it was determined in a conclave-consisting of Lee, 
May, and Smyth—that it should be truly hemispherical, should move upon 
three balls, and should open by a single copper shutter from the zemth to the 
wall-plate. And the present efficient and durable structure was the successful 
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consequence, in wMch. the roomy space, the strength, and the revolutionary 
principles are all equally admirahle. 

This is proved by the fact, that, though the dome has now been com¬ 
pleted about twenty-three years, it has never required repair or alteration, 
nor has the wet penetrated anywhere. None of the swags between the points 
of support formed by the three halls, which a weaker construction would have 
had to endure, have been known: and, from the firmness and accuracy of the 
wall-plate, these halls were found so little accelerated or retarded respectively 
that the roof was only lifted, for the first time since it was placed, on the 
morning of the 21st of September, 1860, there even then requiring but little 
adjustment, after nearly twelve years of wear and tear—^nor has it required 
regulation since. The mode of raising the roof a few tenths of an inch, just 
enough to release the balls, and admit of their full play, whenever it is 
required to restore them to an equidistant position from each other, is by a 
simple, yet efficient contrivance of Mr. May’s. It is by means of two stout 
little iron windlasses, unattached, and only used when necessary: they each 
consist of a pair of arched plates resembling the head of a large hammer, 
with a stout screw, having a moveable capstan-head, turned by a lever, thus 
affording great power of lifting in a compact form. 

But, while the tower was thus in fuH advance, an unexpected interruption 
occurred, which temporarily gave the fine equatoreal room to the five-foot 
achromatic telescope and its tripod stand. TMs was owing to Mr. Dollond’s 
aimouncing that, on rigidly testing the large object-glass, he would not recom¬ 
mend it, as quite worthy of so expensive a mounting as had been proposed; 
and on our going to his house the painful fact was proved. StUl, though 
it did not attain the acme of excellence, it was so far good as to warrant 
a proper apparatus; I therefore proposed a new and less responsible mode 
of calling it into action, which was about being adopted, when another circum¬ 
stance changed its destiny. About the middle of the year 1836, I began 
to perceive that the object for which I had erected an observatory at Bedford, 
(namely, a cycle of objects for Amatores) had advanced to within a limited time 
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of its proper accomplishment; and Dr. Lee, who had frequently made use of 
my great telescope, and was well aequaintod with its high qualities, became a 
candidate for its. possession when the materials for my intended astronomical 
work should he completed. This arrangement was the sooner made, because a 
future continuance of its use in prosecution of certain sidereal inqtdries was most 
kindjy and considerately conceded to me. When, therefore, my round of obser¬ 
vations was complete, and other atfairs called me into Glamorgansliire, my 
telescope was promoted from its humble location at Bedford to the sjdondid 
tower of Hartwell. This very fine instrument has been duly described, both' 
in the Memoms of the BoyaJ Astronomical Society and in my Cycle of Celestial 
Objects; but the manner of my becoming possessed of the object-glass is best 
told in the words of Sir Jamgs Soutli, who, in a letter to me from Camden Hill, 
of the 5th of October 1825), says— 

I have l)i’ottglifc with im', (Voni tlui coiitinont ii pi(!cc of Hint-glass, iipwoi'cls of twelve inohes 
diainatcr, whicl) 1 am going to havo much' into an ohjccti-gluRS. 1 rcicnllcct having proniiscd you 
the.' refusal of my six-incli one, in c.aau I resolved to inirt with it; such is now iny iutcmlion. If 
therciforc you arc desirous of having it, pray Jest me know, us till 1 licar from yon I shall not sny 
any thing alxnit It lo anyojio else. I clo not mcMin to ])nrt with it for less than ^201 You will also 
remomher llmt it has no stand ; its clear ajcertiire is .'J.O inehes, its tid>e is of hrass niipolishcid, it has 
a Under of large dinie.nsioiis, is provided with illuniinator and liglil-ivgulating ap])iiratus,and has no 
f'Vi'-pK'cc's. I hehieve it to be 'Pulley’s elicf d’fmivrn; of this liowever it hccomes me to s])eak with 
eantion, us the instrunuait is new. Admiral llosscil dc'sires his regards to you unci Mrs. Smyth, as 
does cdso Huron Zucli. 

A good six-ineb object-glass was in 1829 almost unique; and, as I bad 
had an op])ortunity of testing the performance of the one in question at Mr. 
Tulley’s, at Islington, I esteemed myself fortunate in securing the prize, although 
the perfection of my D-foot raado mo hesitate. The mounting and equipmeut 
were instantly proceeded with ; and, though scion co and practice have success¬ 
fully laboured to improve cquatoreal movements since that time, I have every 
reason to he still satisfied with its simplicity, stability, and general performance. 
The principle is that of Mr. Jonathan Sisson’s equatoreal-soctor, as described 
by Dr. Yinco; in which an artificial polar-axis is placed parallel to that of 
the earth, with the hour-circle adjusted perpendicular to it, and a time colli- 
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mation ensured. By thus obtaining a revolving axis in tbe same direction 
with tbe terrestrial one, tbe attached telescope readily follows any celestial 
body in its arc of revolution, without tbe trouble of repeated adjustments for 
tbe continual alterations of elevation, which attend all altitude and azimuth 
methods of mounting.* 

Mr. Bishop’s largo telescope in Begent’s Park, and Lord Wrottesloy’s in 
Staffordshire, are not only mounted on tlie same model, but are actually fur¬ 
nished with hour and declination circles cast from the moulds which wore out lor 
me; ».nf1 they differ so little in other dimensions that the three may almost 
be termed counterparts of each other, in a conventional point of view. As 
there is nothing like figures for nailing an assertion, the several sizes of these 
appropriate amateurs’ weapons may bo hero shown ?— 

inohoH, ft* in. 

Mr. Bisliop’fl . * ApeHure . 7 Focal length . 10 2 

Loril Wrottesky’s do. do, , . 10 9 

Dr. IjCo’b . . . do, 6*9 do, . . 8 8j- 

Tlio hour and declination cixdos of each, 3 feet in diameter. 


Now the first of these instruments, in the* hands of such adepts as Dawes 
and Hind, has fully proved the excellence and facility of its worldng, in mea¬ 
suring many of the closest double stars in the heavens, in picking up new 
comets, and in adding eleven planets to our system: and, under the able treat¬ 
ment of Lord Wrottosley, the second has produced a systematic measurement 
of various double stars, undertaken for the express and difidcult purpose of 
investigating the parallax of those awfully distant bodies. 

As this was an amateur experiment of high interest, with double stars, 
and as the discussion was ofiBioialLy referred to me, I may be excused for 


* In usual parlance, this species of instrument has Sisson’s name attadied to it, because Dr. Moskelync con¬ 
sidered the one mode for him by that workman to be an improvement upon that made by Henry Ilindlcy at 
York, in 1741. But a polar-axis, though without the appendage of graduated circles, was used by Christopher 
Scheiner—author of Uosa Ursino—so far back as the year 1620. 
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touching upon it. His Lordship’s object was to obtain sidereal parallas: by 
periodical observations of the positions and distances of nineteen stars, each 
carefully selected for the purpose, according to the suggestions of Sir John 
Herschel, who showed that, if the component members of a double star occupy 
a certain position with reference to the pole of the echptic, and one of them 
be supposed to be situated within a given distance from the Earth, a change 
will periodically be produced in their relative positions, consequent on the 
motion of the Earth m her orbit. Tho attempt to ascertain this by a direct 
and continued series of close operations, was lughly honourable to his Lordship’s 
zea! and talent. Eor the stars selected, and the whole modm ox>eram,M, I must 
refer the inquiring astrometer to tho Philosophical Transactions for 1861; 
but, for the general reader, it may 8ufQ.ee to hear Ms Lordship’s peroration; 

Omitting, thoicforc, the five fllai's whoso coinponcrits are of equal magnitude, omitting also 
the four binary stars, and two Coinaj Bovonieis, and e Dvaconis (whioh exhibit differences less than 
tlicir probable errors), this interesting result appeal’s—that, of Uie eight that remain, there is only 
one, that is, 41 Aurigai, the changes in whoso angles, however small and little entitled to oonJi- 
dence they may ho, do not conlbrm in direction to those whioh would take place, were a sensible 
parallax admitted in die hrighter of tho stars themselves. 

This is most probahly only an aoeideutal coincidence, and 1 am very for from wisliing to 
estimate it at more than its real worth; but, in tho case of 32 Eridani, and 1 of H 96, where large, 
and to a certain extent trustworthy, differences concur witli normal directions of motion, it may 
not perhaps be too much to assert, tliat this constitutes them objects of interest to the astronomer 
possessed ol adequate means to prosecute on inquiiy which, I fear, 1 must be said rather to have 
aLU'inpted than to have succeeded in. 

Eor the benefit of forming an. accurate opinion upon equatoreals, I liave 
examined tbc telescopes of various observatories; and especially some of tliose 
which are termed German mountings, such as those of Mr. Dawes, Mr. Barclay, 
and Mr. Peters. Though I class many of these discussions among the diffldles 
nugcB of those who hunt in a circle, and hold Mm to bo a poor observer who 
cannot make the best of whichever of the two he may be provided with—on 
the wholesome axiom bisogna adattarsi—l certainly prefer the Polar-axis: and 
for those reasons—it admits of the diameters of hour and declination circles 
being made large enough to brace the telescope, and ensure firmness of clamp 

X 2 
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■witli smoothness of worm-action. Besides whiohj it supports at both ends 
the mechanism in motion, to the lessening of variable stress and dinunisliing 
tremors of every kind. But the strictest comparison which I had, was that 
at Oxford. It was on the occasion of my closing accounts, as I then thought, 
with y Virgitds, after attending pretty closely to her for twenty years. 
Having completed my measures at Hartwell on the l7th of April, 1850, I 
immediately started off for the EadcHffe Observatory, and arrived in time to 
get some observations of the same star on the evening of the 18th, with the 
grand heliometer by the brothers Ropsold of Hamburgh, which had just boon 
got into good action by my energetic friend Mr. M. J. Johnson. This was a 
severe trial of the powers of the HartwoU telescope; for the holiomotor is 
furnished with the best object-glass that Germany .could famish, and all the 
appliances attest the assiduity and care of Mertz and Sons. It certainly is a 
splendid instrument, with exceUont optical definition, and is, no doubt, des¬ 
tined to render most important services to physical inquiry. Its object-glass 
is 7'B inches in diameter, with a focal length of ton feet four inches; the scale 
is read by the iUumination of a beautifully contrived appheation of Grove’s 
galvanic heat upon a platinum wire; the appliances for manipulation are most 
conveniently arranged, and the clock-work driver of the hour-circle scorns about 
as near to perfection as it need to be. Such was the admirable means with 
which Johnson proposed to investigate the knotty problem of stellar parallax, 
on Bessel’s plan; and I strongly advised him to adopt y Virginis as one of his 
objects, it being at once eligible on account of its easy position, its comparative 
insularity, and the advantageous figure formed by its immediate comites. 

But, while thus rendering my meed of admiration to the costly Oxford 
heliometer, I must still repose with confidence in the goodness and trustworthi¬ 
ness of the telescope I have so long, and, as I trust, pretty successfully, used: 
besides which, it was better adapted to my object and means. The diffcionco 
of mounting between the two instruments will be instantly apparent to the most 
unpractised eye, by examining the plate of the equatoreal and the following 
representation of the heliometer, drawn by Mrs. Smyth— 
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,1. Pramo of tho divided objoct-gluM. 
n, Mior(»m. lioad of tlio oxtornal Hcalo. 

Cradle hearing tUo tube, which is turned by the handles A/t, 
on Iho oolloTH r.c. 

/>. Position oirolo, whose slow motion depends on ee, while tlie 
(damp and tangent sorows are 7/. 

JS. Miorom. microscopes for reading off the interior scale at the 
object end, illumined by galvanism. 

Jt\ Rod for Hoparatlng the objoet-glass. 
f/. Iron box covering the deolination axis. 
iV^V. Prletion rollors for relieving this axis. 

//. Declination slow* motion handle, and ss its screws. 

K. Itod for clamping the deolination (the clamp is not seen.) 


LL. Declination circle. 

JIT. One of the reading microscopes of ditto; the instrument is 
roughly set by the wooden handles. 
iViV. Part of tho course of the galvanic communication. 

PP, Counterpoises for the declination and AR axes. 

JiR, Hourcirole. 

S. One of its miorom. microscopes. 

T. Clock for oarrying tho instrument. 
t Rod for setting the clock going. 

Rod for regulating its rate. 

X. Rod for connecting it with the hour circle. 
y. Clock weight. 

2ZZ. Box containing the polar axis. 
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To return to Hartwell. The equatoreal-room ia famished with a chrono¬ 
meter compensated for sidereal time, and haying a stop second hand, with a 
loaping-spring, for observing occultations and the like phenomena. There is 
also a simple and sonorous “journeyman,” which was constructed for the late 
Colonel Beaufoy, and can readdy be put in beat with the transit-clock when 
required. The telescope adjuncts—as eye-pieces, micrometers, shades, fog-tubes, 
&o.—are the same which have been already described at page 163. The 
oquatoreal clock-motion invented by the Bev. Biohard Sheepshanks, and pre¬ 
sented to me by him, is also fixed in this tower, with its governor, preventing 
the jerking or grinding, which a^ vibratory pendulum would inevitably occasion; 
for, as the force on the train increases the velocity of the balls of the governor, 
they expand, or further fly out, and thereby increase their moment of inertia 
or I’esistanoe to motion. Mr. Sheepshanks called the adaptation a “ conical 
pendulum,” because the rod of each ball describes a cone as it revolves: others 
designate it a “vertical pendulum,”—a case in which utrim Jiormi, Sfc. is 
applicable.* It has lately been improved upon. 

Having been questioned at "Woolwich as to why I made no mention, 
in the Celestial Cycle, of Professor Barlow’s fluid object-glass, although its 
properties had been referred by the Boyal Society to Horsebol, Airy, and 
myself, a word of enrolment may be necessary for the general inquh'cr as to 
the various suggestions for the advancement of telescopic astronomy. In the 
first place, I considered the experiment related rather to a temporary expedient 
than to a permanent instrument, nor was the principle now, though its modi¬ 
fication was ingenious and highly creditable to the Professor. In the year 1832, 
however, when this inquiry was ordered, public expectation was rather extra- 


* A large and well-constructed model of this obseryatory, witb^its inalrumenta, was sent by Dr. Loo to the grand 
Exposition of 1856, at Paris; afLer which it was presented, through the Abb^ Moigno, to the Observatory in Lho Jardin 
des Plantes. The receipt of this present, displaying the astronomical establishment of on English gentleman, was 
courteously acknowledged by Mods. Le Yerrier, of Neptunian renown, in a letter dated 13th of November, 1856. 
The model was the work of the village carpenters, George and Charles Carter, father and son; and the Equatoreal, 
Transit, and Clock were accurate reductions by George DoUond, at a cost of 46Z. 10s. 
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vagant in anticipating fluid object-glasses of enormous diameter and sTYiall price; 
but the 8-inch one before us cost the Hoyal Society, under whose direction it 
was made, 167^. 10s. It will also be recollected that this scheme was brought 
forward just at the time when I’araday, whose time was surcharged with 
other matters, had declined to investigate the maJdng of glass of a superior 
quality for optical purposes. “The best step,” said he to me, "to ensure im¬ 
provement will be to take off the Excise duty I ” To satisfy curiosity on the 
point in question, I shall place the Official Beport in the Appendix to this 
volume, to speak for itself. 

With regard to the principle, it is difficult to assign the palm, since the 
information respecting it must be so scattered that it is no easy matter to trace 
the suggestions. It is now more than a • century ago since John EoUond 
constructed an object-glass containing pure water, in hopes that equal and 
opposite refractions of the liquid and the glass would destroy colour; but, though 
the object seen through it was indeed free from eolour, it was by no mpianfi 
so distinct as was expected, and consequently the spherical aberration yet re¬ 
mained. The trial however led to the adoption of other means, and they 
wore IbUowod by that beneflcial result—the Achromatic Telescope—by which, 
and its being used by able men to the best advantage, the conceptions of mind 
have been advanced and enlarged. But the wish for a fluid object-glass was 
not al)andoncd. Mr. Benjamin Martin, the well-known mathematician and me¬ 
chanic, whoso contrivance for drawing out telescope tubes proved so useful to the 
Tulleys, is said to have constructed an instrument which, by the successful use 
of a peculiar fluid, succeeded better than that of his Mend DoUond. This was 
about the year 1766, and certainly few men of that day could have been better 
versed in the doctrine of telescopic aberrations, as they relate to practice, than 
tlic industrious but unfortunate Martin. I am not aware whether this fluid- 
correcting lens is mentioned in any of the numerous philosophical works which 
he published, but the elder TuUey thought it was in existence in 1820. About 
tlio year 1787, Dr. B. Blair, then Professor of Astronomy in the University 
of Edinburgh, made many ingenious experiments with a view to ascertain 
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the diapersiye powers of different liqmds. On the strength of the result of 
these trials Mr. Robert Blair, a naval surgeon, took out a patent in 1791 for 
securing to himseK the advantage to be derived from using a fluid medium in 
conjunction with glass, to correct the prismatic aberration in the object-glass 
of a refractor, agreeably to the researches of Dr. Robert Blair. Except a poor 
attempt by a Mend of mine, the matter slumbered for nearly forty years; when 
attention and hope were suddenly attracted by Professor Barlow’s ' apjilication 
of the sulphuret of carbon, decidedly the best medium ever employed for such 
a purpose, as not having so much glare of false light, which so sadly interferes 
with the definition of most giant reflectors. 

Since the Cycle was published, material steps have been made in the con¬ 
struction of efdcient achromatic telescopes of superior size, before the power 
of which fresh wonders arise, and many of the abnormal phenomena disappear. 
Such are the concentrated forces drawn from the dark flint and the grains of 
sand; but it is well known that large metallic reflectors can bo made mor(5. 
easily, and at less coat, than refractors of great aperture—the latter being 
extremely expensive, and therefore valued in proportion to the embos of their 
diameters. A knowledge of this induced Lord Rosse to bestir himsoU’ in the 
cause of science; and as the noble Earl brought a large amount of mathema¬ 
tical and mechanical skiU. into the field, strengthened with a rare union of zeal 
and perseverance, his efforts were attended with complete success. His Lord- 
ship commenced with what is now termed his small telescope, that is, a speculum 
three feet in diameter; but this was many years ago, for it is over a ([uartcr 
of a century since he described—and admirably described—the i)rocoss then in 
hand, at my house in Bedford. The result of the enterprise was one of the 
best figured mirrors, and the most perfect reflecting instruments, hithei’to 
produced; and the effect it had on the nebulae, even those which had encoun¬ 
tered the eagle-gaze and great power of Sir 'William Herschel, was truly asto¬ 
nishing. By the talent and taste of Lady Rosse, I am enabled to place its 
resemblance here; and, small as the figure in the observing gallery necessarily 
is, there will be no difdculty in identifying it;— 
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Between the times of Sir "William Hersoliel and the Earl of B-ossej another 
peer of the realm had been walking the same course, or, as is most incor¬ 
rectly, but very commonly said, moying in the same sphere. TMs was Charles, 
Earl Stanhope, a personage equally celebrated for mechanical inventions and 
scientific researches. Having heard from some of his contemporaries, long 
ago, that his Lordship had not only compassed, but actually commenced 
the -ma,Icing of a very large reflecting telescope, and being unable to gather 
accurate details elsewhere, I wrote to my friend the present Earl, the distin¬ 
guished historian, for information on the point. His Lordship, as is usual 
with him, promptly answered my inquiry, from Ohevening, 18th October, 1867, 
in these terms:— 


T 
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It is quite trac, as you have been informed, that my grandfather had intended to construct u 
new telescope upon a different principle, and of a much larger size than any which existed at that 
time. It was to have been made under his eye by Mr. Varley, a gentleman of some note in 
science, whom he retained in his employment, and in his house, with a yearly salary. 

The design was, however, interrupted by his last muess. I do not know that any actual pro¬ 
gress had been made in the work, beyond the acquisition of a large quantity of mahogany, which 
was found leady prepared for that ol)jcct at his death. 

His Lordship forwarded me some documents, selected from among his 
grandfather’s papers on the subject, addiug, “ Pray also at the same time 
accept a Rmnll Centenary Almanac of his designing,* which you will lilcewise 
find inclosed.” On inspecting the records thus entrusted to me, I found a 
letter addressed to the Hev. John North, of Ashdon, near Saffron Walden, in 
1809, mentioning that he had discovered the way of obtaining in a refioctiiig 
telescope wider than long—say 36 inches aperture by 30 in length great 
distinctness with a flood of light, though under high magnifying powers. 
This telescope moreover, when the object is placed where the image of a dis¬ 
tant one is formed, would act as a powerful microscrope, and also prove a 
most powerful burning mirror; wtule, as a nigbt-glass, it would bo superior, 
because possessiug fifty-times as mucb light as the best achromcitic. In this 
letter he mentions his intention of erecting, at Ohevening, the grandest tele¬ 
scope " ever beheld by the eyes of man I” And this is the design towards 
which my inqniry was bent, for I had heard of it from Mr. llennie, Hr. Wol¬ 
laston, Sir Humphry Davy, and Thomas Jones the mechanician, who all 
agreed that it was to have been a huge monster of enormous apertiuo. Of 
this, as impressed on my memory, I can find no trace; but in a letter from 
Ohevening House, 28th January, 1816, to the same gentleman, who was also 
addicted to optics, the Earl says, “Yom- plan and mine are distinctly different, 
though some few of our ideas coincide,” and he proceeds — 

My telescope has no eye-hole; but only on eye-placer, two inches in diameter, 



♦ This Kalendar was invented by Charles, then Lord Mahon, in 1777 ; and it was continued from 18C8 for 
another 100 years, by his great-grandson, Edward, now Lord Mahon, in his sixteenth year; a copy of which was 
also kindly forwarded for my acceptance. 
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to tuko ia tJie whole eye, and it meets the cheek, &a. all round; being duly shaped for the purpose, 
so as to exclude all side-light. Here we agi’ce, so far as to reject those absurd consumers of light 
and inllectors of rays, viz. the small eye-holes. 1 found it out many years ago, merely by looking 
in suoccssion through holes having no lenses, such as— oooooOOOOj 

W 0 differ as to the small metal, and the hole in the large one. 1 have no small metal, and no 
hole in my large one. By very curious and decisive experiments, and qiuLo new, I have settled 
that the diameter of the speculum should be only about ^^^th part, at most, of its focal distance, for 
high powers, where not mere light but great distinctness shall be rcquh’cd. My two telescopes— 
now about to be built on the exact plan of that aheady executed by my own workmen and myself 
at this place—^will be for the concave speculum of 10 inches diameter in the clear, with 40 feet 
focus; and for the one of 30 inches in the clear, 120 feet focus. Those instruments, notwithstanding 
their large size, will be managed with the utmost facility, upon tlie now plan that 1 have invented 
and executed. By a most imanswerable experiment 1 have proved, that, by the specific moaiis 
wliich 1 use, a circxdar aperture of only three-quarters of an inch in diameter is capable of convey¬ 
ing sufficient light for a magnifying power of 300 times, wliich is tJic same os an increase of area of 
90,000 times. I boHcve this is new. The light in my largest telescope will be 1,600 times 
greater I 

Ajid here the strenuous and successful exertions of my friend Mr. 
William Lassell must be noticed, for no one can have exhibited more earnest¬ 
ness ol pui'pose, knowledge of whatever he took in hand, or readiness of general 
resource, than he has done: tethered with the cares of business, his scientidc 
ardour remained undamped, and he has exhibited equal sin’ll in malcing and 
in using his instruments. In 1840 he erected an observatory at Starfield, 
near Liverpool, of which the chief feature was a Newtonian reflector of 9 
inches clear aperture, with a focal length of 112 inches; but, determined 
upon omidoying still larger means for his celestial researches, Mr. Lassell 
soon afterwards surprised the scientific world with another grand specimen 
of his handiwork, in a reflector of 2 feet in diameter and 20-feet focus—con¬ 
stituting the largest equatoreal instrument in the world. Unsatiated with the 
discovery of a new Saturnian satellite, the re-production of those of Uranus, 
the timely satellite of Neptune, and other happy results of his explorations 
with this telescope, our energetic astronomer soon contemplated the Tnnlnng 
of another of stfll larger dimensions, also for a parallactic mounting: and, shortly 
after I had visited his two observatories, he astonished me by a letter dated 
3rd September, 1857, in which is this passage— 

T 2 
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I liavc lately begun the construction of a 40-foot Equatoreal, generally on the plan ol luy 
20-foot instrament-the mh-ror to bo four feet in diameter, and the focus perhaps a foot or two 
short of 40 feet. To be temporarily erected and mounted here, but removed for observation to my 
old locale of St. John’s Cavalier at Valetta, if the Governor wiU permit me to resume it. 1 pn.- 
pose to have no dome, but a sort of revolving tower, or colossal sentry-box, so contrived as to give 
me access to the eye-piece in all required positions of the telescope; and in the diiy-time to bo 

prostrated over the tube, and form a shelter from the sun’s rays. 

The tube will be skolcton-fashion, only half its surface being solid, and therefore allowing the 
most perfect equilibrium of temperature, or other condition of the atmosphere, within and without. 
The speculum is to have 38 cchs or recesses at the back cast in it, to afford fulcra for an eflicient 
system of levers to prevent dcrure at moderate altitudes. The principal frame-work of the mounting 
will be wrought-iron—boiler-plate—in pimciple of construction analogous to the Britannia Tubular 
Bridge. There will be no stone-work beyond the plain level platform on wliioh the instriiineut is 
to be placed. This is mainly for the convenience of setting up and taking down, though certainly 
such a telescope cannot well be called foriable. 

From my experience of the skies of Malta, I cannot but hope that something more of ttie 
heavens maybe revealed by a telescope which shaU have twice llio magnifying power of that which 
r took there, with the same quantity of light, and with—as I hope and believe—as perfect ami 
correct a figm-e. In this undertaking labour, time, and money must be pmtty largely consumec, 
and I anticipate a twclve-niontlis’ hard work will be required to accomplish it. Not much progn'ss 
has yet been made beyond making models and some of the apparatus required for costing the 

speculum I ” 

This gigantic labour being most persevoringly persisted ia, was succcsslully 
accomplished by the beginning of 1869; and tbe speculum-tho face and 
back of which are respectively concave aad convex portions of a sphere of 
about 16 feet radius-appears to be perfect in every respect: but such is its 
massiveness for motion as an eq^uatoreal member, that a weight of more than 
ten tons has to be supported on three surfaces of very small area on which 
the motion must be obtained. 

In tbe above allusions to Malta I should observe, that when Mr. Lassoll 
communicated to me his determination to undertake so troublesome an enter¬ 
prise as carrying bis 24-foot telescope abroad—entirely on his own outlay from 
limited means—I endeavoured to persuade him to select Mount .^tna for his 
experiment; for I felt assured that I could get the Casa Inglese, 9,600 feet 
above the sea, prepared for him. To this he was nothiug loath, but, on a 
farther consideration of his time and means, Malta was deemed tho most 
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eligible: and I cannot but here insert part of a letter which he wrote to me 
from Valetta, 22nd December, 1861, as showing the result of his interesting 
and unique mission;— 

I seize the opportunity of again thanking you for the effective interest you took in the success 
of my expedition hither, by rendering me those facilities -which have rendered my visit hero a very 
pleasurable one. I have received the utmost kindness from every quarter; and those mechanical 
difficulties in the erection of the observatory and telescope, -which I naturally anticipated, were 
almost annihilated by the prompt and efficient aid I have oU along received from each of the 
Government authorities who could render me service. 

You axe already aware how highly I am delighted with the climate, and how much more I can 
see here than I could at home. Certainly tliis is the place for an efficient observatory for all 
ohjccts within a moderate south declination; for the quietude of the atmosphere, as you must have 
found, bears a large proportion even to its clearness and transparency. I here speak of the whole 
period of my observa-tion until about a fortnight ago, when the weather became somewhat hrokon 
by thunder-storms and heavy rains. Still I have never found, on a clear night, that, even -with the 
powers and aperture I commonly employ, the unsteadiness has been such as to prevent my doing 
useful work. Tlie planets Neptune, Uranus, and Saturn, together with their satellites, have 
hitherto consumed so large a portion of my time, that I have had little to devote to other objects; 
but, as I have now nearly completed what I shall be able to do with them, I intend to survey some 
of -the nebulae and a few double-stars. I have indeed examined some of these -with great aaionish- 
ment and delight. Sirius is an object I wo-uld challenge any one -to sec os I see it, for the first 
time, -without an involuntary exclEimation of wonder I With 260, it is on incandescent diamond, 
wliich I cannot describe—but, if I must compare it with an 3 rthing cortlily, I should say it is an 
aggravation of the electric light. One would think its intrinsic brightness must surpass that of the 
Sun, to send out rays of such intense brilliancy to tliis all but infinite distance! The 
pencil of light transmitted through the eye-piece from tliis star, cast a brilliant spot on the wall of 
the observatory sufficient forcibly to attract my notice, without being at all prepared for it. 

In the nebula of Orion, the first thing that struck me was the marvellous brightness of the fifth 
and sixth stars of the trapezium, which, notwithstanding -their great difference of visibility in smaller 
tclcacopcB, appear of equal magnitude in this, and have good-sized discs—by no means points. 
Perhaps a reason for the apparent inequality may he, that in. smaller "telescopes the closeness of the 
sixth star to the brightest of -the group, hides its intrinsic brightness; while in mine it is sufficiently 
removed from any rays of the large star, to be judged of by its own merits. I was further surprised 
to find throughout the nebula very few more stars than 1 have been able by "tlie rarest glimpses to 
make out at Stai'field; though the stars there seen with so much difficulty aro obvious hero under 
ordinary circumstances. The bright nodules, os it were, of the nebula, which I almost expected to 
turn into clusters here, have no such appearance or even tendency that way. In other words, there 
is not, to my apprehension, the least condensation or approach to resolvahility in the nebula. All 
the stars I see are individual, isolated, and ra-fcher un-usually brilliant poin-fcs, without apparently any 
connection wi-fch it. Examined under good circumstancesj with power 1018, tlie brightest parts of 
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the nebula look like masaes of wool, a good deal drawn out at the edges, so that the sky can be 
seen through; one layer seemingly lying partly over another, so as to give the idea of great 
thickness or depth in the stratum. 

Meantime the persevering Earl of Eosse, not satisfied with the signal 
success which had followed his first achievement in practical optics, again betook 
himself to work in constructing the largest telescope that had ever yet courted the 
heavens; and by liis inductive improvements in compounding the mirror-metal, 
and the treatment of it while cooling—as well as in grinding and polishing 
the figure—the whole was brought to a happy conclusion, though at an expense 
of upwards of 12,000i. It is a triumph of the noble peer and the ago, as well 
in conception as in execution and application; but it is rather bold to pro¬ 
nounce that it has arrived at “ the bounds beyond which the laws of matter 
forbid human ingenuity to pass”: however, considering the amount of time, 
talent, devotion, and money that would he recLuired for such a purpose, we 
may very safely predict that Halley’s comet will return before we see it sur¬ 
passed. This remarkable and mighty “ optick tube ” has a speculum sjx loot 
in diameter, with a reflecting surface of 4071 inches, and weigMng upwards 
of three tons. Its focal length is 62 feet; but the tube—made of deal hooped 
with iron—is B6 feet long, including the speculum box, the whole weighing 
above 15 tons. It is fixed to a large universal joint, imbedded in solid masonry 
about six feet below the ground, which allows it to turn freely, and is elevated 
or depressed by a chain and windlass, with counterpoises in every direction. 
On each side of this tube, which is seven feet in diameter, in a line with the 
and at twelve feet distance, a stout wall is built—seventy-two foot 
long by forty-eight high on the outer side, and fifty-six on the inner; allowing 
a lateral movement of the telescope of half an hour on each side of the cul¬ 
minating line; that is, a term of one hour in the twenty-four feet interval 
from wall to wall. Every portion is an evidence of powerful mental and 
mechanical energy; but he who wishes to see y Draconis pass the meridian, 
or other heavenly body in the zenith, must stand at an elevation of at least 
fifty feet from the ground. 
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Two views of this mammoth-instrumeiit came into my possession; but as 
they differed in essential points, I applied to the fountain-head, well assured 
that Lord and Lady Eosse would grant my prayer. Nor was I mistaken, 
for shortly afterwards a couple of likenesses of the Q-band Eeplectob, f»n.TYiP 
to hand, under convoy of a letter from Parsonstown, dated March 5th, 
1868, in which his Lordship said, “ I inclose two photographs. If they do 
not answer your purpose, as the season is improving we can easily provide you 
with something better. The only work out of the common way we have at 
present in hand, is a lattice tube for the three-foot telescope, and some little 
improvement in tho adjustment of the photographic dock, prefatory to a 
renewed attempt to obtain photographs of the nebulas.” And here is as faithful 
a co])y of h(w ladyship’s picture of the giant, as Mr. Cobb’s art can render. 
































CHAPTER Y. 


OF MR. EPPS’S MERIDIONAL OBSERVATIONS. 


Here man explores Creation’s wondrous laws, 

That teach him to adore the Great Designing Cause. 


Towa-BDS the end of the year 1837, Dr. Lee engaged the late Mr. James 
Epps as his astronomical assistant at Hartwell. This gentleman had been for 
more than eight years the respected Assistant-Secretary of the Royal Astro¬ 
nomical Society, discharging his duties with uniform urbanity and intelligonco: 
and, as he had for many years previously had charge of the chronometer-rating 
of a large marine establishment, he was considered to be fully qualified for 
carrying out the Doctor’s wishes with regard to the moon-culminating stars. 
All the preHnainary arrangements having been made, Mr. and Mrs. Epps were 
accommodated in Hartwell House from January, 1838, to the 10th of August, 
1839, when he was suddenly taken ill, and died in his sixty-second year. Ho 
was buried in Hartwell Church, where Dr. Lee has placed an appropriate 
tablet, with an inscription to his memory. It will therefore be seen that Mr. 
Epps was but a short time in his new situation: he entered upon its duties 
with ardour, and had so far acquired the esteem and regard of his patron, 
that Dr. Lee generously assigned a Kheral pension to the widow.* 

The geographical position of an observatory is always a matter of some 


* In January, 184^, Mr. John GlaiBher, brother of the well-known AsBistant -Astronomer at Greenwich, was 
partly engaged to continue the Hartwell obBervatioxLB: he had just entered upon the regular routine, when he was 
moat unexpectedly attacked with iUnesa, and died, at the early age of twenty-seven years, on the 16th of May, 1846, 
He had received his instruction under Professor Challis, at the Cambridge Observatory. His registered operatious 
BtHL await arrangement and reduction. 
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intovost, althoufjh, a rigidly accurate determination of the several co-ordinates 
may be actually necessary only in those public meridian establishments, where 
the absolute place of the moon has to be fixed. But, in compliance with the 
general rule, I had made a few observations for an approximate latitude 
and longitude so far back as April 1829; taJdng the altitudes of the Sun, 
Procyon, and Regulus with a rieketty refi.ecting circle and an artificial horizon 
for the first, and establishing the second by two trips with a pocket-chrono¬ 
meter from my clock at Bedford. These were the results— 

Lalitade . . . .51° 48' 35"-6 north. 

Longitude i • • 50 03 west. 

( in time . 3“ 20®'2 -|- 

By the term used above—^rieketty refiecting circle—I must not be mis¬ 
understood, since no imputation is meant to be cast upon Troughton's beau¬ 
tiful instrument—an instrument capable of extreme precision: the epithet 
was intended only to apply to the state of neglect into which it had 
been allowed to fall, insomuch that cleaning, and aU its possible corrections, 
had to be made before I could use it. In praising this circle, it will be 
recollected that those of Mayer and Borda were intended to compensate for 
imperfect division, by a system of repetition: but from the improved gra¬ 
duation, and inflexibility of frame, Troughton’s Reflecting Girde is unques¬ 
tionably an improvement on all precursors. It is true that its three indexes 

arc inconvenient and tedious as to reading off, and that it does not repeat: 

but, whore the angle is taken by a well-drilled hand and eye, the multipheation 
of observations is rendered unnecessary by the singular nicety of which it is 
capable—nor has it the embarrassing necessity, which is a condition in certain 
other instruments, of having previously to get the verniers set nearly to the 
apparent angle. As this noble tool ehminates errors of construction, reading, 
and even of principle, it leaves little to desire in a practised quarter: nor 
should it be forgotten that Don Joachim de Perrer, an officer of the Spanish 
Navy, determined the obliquity of the ecliptic with one of Troughton’s Circles, 

z 
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more accurately than, the G-reenwioh large mural quadrant, then, in use, could 
have done. Here is its portrait — 



Now, if no degrading reflection was intended to ho cast upon the Circhi, 
stiU less are some of my remarks on the Sextant—elsowhoro made—to 
misinterpreted; my object in so expressing myself was merely to suggest that, 
good as it is, it will still admit of improvement; as in the use of silvered 
mirrors—wherein some of the rays of large angles of incidence are liabhi to 
distortions of refraction and reflection. This might ho doomed hypercritical, 
hut the main bearing of my warning was this—that, as observations of altitude 
afloat are capable of less accuracy than those made on shore, I recommended 
the use of a small alt-azimuth for travellers, instead of the sextant, with 
which moreover full dexterity in handling is indispensable. Yet I have knowj.i 
of one person, about to proceed on an irdand mission, content with rec(iiving 
only a lesson in the optician’s shop where he had bought the instrument; 
and my friend Colonel Everest, while occupied on his grand meridional arc, 
was written to by a person travelling in India, to ask what was meant by 
‘ index-error,’ saying that otherwise he was quite up to the use of the sextant. 
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but there he was posed 1 Observations from such, parties—e(Jually defying dis¬ 
cussion, arrangement, and even cooking—have sadly obstructed our map-makers. 

But the sextant is a precious boon for mariners: to the happy discovery 
of measuring celestial arcs by the catoptric property of reflection, nautical as¬ 
tronomy is more greatly mdebted than to any subsequent invention.* Tinder 
the two-fold adjustments of the maker and the observer, carefully made, and 
in a practised hand, it is a moat powerful instrument for angular distances 
and altitudes; as I, from many years of constant use, can vouch for. It emi¬ 
nently combines lightness and strength, and therefore can be held in the 
hand while the ship is rolling, pitching, or scending] and the “artist” is able 
to measure his arc in a vertical, horizontal, or oblique direction. This is a 
representation of Ramsden’s 10-inoh sextant, mentioned at p. 123. 



♦ Those Dons of‘‘pure” science, who boast that they don’t wish to bo gaugers, often give themselves airs in respect to 

z 2 
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Being satisfied that the above geographical conclusions would meet the 
existing wants, I rested on my oarS: and, in correcting any given quantity 
of time from the ephemeris, I usually applied one-eighteenth of an hour west 
of Greenwich as suitable to Hartwell, and as suflciently near for aU probable 
exigencies.t But, when there was to be a regular observer employed, I sug¬ 
gested that a strong fctsoioul/us of moon-oulminators should be at once begun, 
for the two-fold purpose of settling the longitude at home, as well as ot aiding 
others abroad. This was complied with, though not carried to the required 
extent: yet a paper was drawn up and read to the Royal Astronomical Society 
in 1839 whieh, having taken place wliilo I was in South Wales, I did not 
happen to see the document. I understand, however, that it is somewhat 
anomalous in some of the clock-rate and azimuthal details, which probably require 
a further sifting. StiR, most of the observations might,' even in their pvescMit 
garb, be useful in a further series that may yet be made at Hartwell; lor 
in those which Mr.' Epps took for time, every attention was paid to the state 
of the instrument, namely, that it worked with no apparent error in colli- 
mation, and very little in level, but correcting for its azimuthal deviation as 
occasion might require. Except therefore the unavoidable errors of observation, 
and some trifling optical defects, it was concluded that nothing of iinpori,aneo 
could be urged against the moan of all the results. 

Meantime Dr. Lee had a very long meridian-line marked out and accurately 
measured, which revived the question. This line commences near the windmill 
on Bledlow Ridge, runs duo north through the transit-instrument at Hartwell, 
and trends onwards to Scots’ Hill, near the ancient camp at Whitchurch, 


their more helpful comrudes. Even while Galileo was finding work for geometry by instrunionLal means, our 
learned and munificent Sir Henry SaviJIe, founder of two Oxford profesBorships, gave an illiberal rebull' to one of 
the moat useful working mathematicians of that, or indeed any other time. Bishop Seth Ward tells us, that ** he first 
sent for Mr. Gunter from London, to be his Professor of Geometry: so be came, and brought with him \m sector and 
quadrant, and fell to resolving of triangles, and doeing a great many fine things. Said the grave knight, ‘ Do you 
call this reading of Giiometrie P This is shewing of trickes, man I ’ and so dismissed him with scorn!” Poor 
Gunter I But Saville was right as regarded a teacher for a place of education. 

t In the folio volume published by Adams in 1700, intituled “ Index Villaris,” the position of Hartwell House 
is placed in latitude 51° 49' north, and longitude 0“ 47' west of Loudon. Very fair for the time. 
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I’lus whole is a length of about twelve miles {see the map), and a stout pole 
of forty feet in height was erected at each extreme: it was considered that 
from these stations, when their bearing and distance should he more accurately 
d(iterminod, the observatories of Oxford, Hartwell, Bedford, and Cambridge 
might be geodosicaUy connected, and afterwards carried from thence to Green¬ 
wich, the intellectual starting-point of the empire. It so happened that, 
in the summer of 1842, my son Captain Henry Augustus Smyth, of the Boyal 
Artillery, then a cadet in the Military Academy at Woolwich, accompanied me 
to Hartwell, whither I was repairing to re-measure some sidereal objects. On 
this occasion, the weather being very fine and having some leisure time, we 
made a correcting survey of the Hartwell grounds, and re-examined the long 
meridian-lino. This was an opportune lesson for the youth; for, though the 
theory of surveying is tolerably attained at the Academy, still there are many 
little matters of application and instrumental adjustment, which are perhaps 
only obtsunablc in actual practice. It was therefore—to me—merely a renewal 
of old habits in which I had formerly indulged to a considerable degree, and 
a light course of field-performance for my son. 

It now struck me, that as good a longitude for the Observatory as need 
be rc(j[uirod, would be obtained by attaching it trigonometrically to Aylesbury 
Cluxrch-spiro; tho position of which in the great Trigonometrical Survey, as 
re-ootnput( 5 d by Captain William Tolland, of the Royal Engineers, from the 
original data, is— 


Latitude 


. 51° 49' l"-00 north. 

\ 

\ arc 

0 48 50 *15 west. 

Longitude J 

f 

! time 

15a*34. 

In the first place, we 

carefully took the angles subtended between the 


principal objects of triangulation and the Whitchurch meridian-pole, with the 
Hcvcm-inch theodolite—carefully adjusted—standing on the roof of the transit- 
room, and plumbing the centre cones of that instrument. The mean of the 
readings thus obtained were— 
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Aylesbiuy CKurch-spiro . . . 55° 35' 00". 

Asliridge Column. . . . . 88 38 40. 

Joined by Mr. Akeburst, wbo had made the first measurements, and Mr. 
WiUiam Blake, we then went to the north meridian-pole, where we had good 
and distinct vision of all the necessary points, even to Bledlow Ridge, had we 
wanted them. The distance from the Observatory to the Pole, as ascertained 
by Mr. Akehurst, is forty thousand two hundred and fifty-sis links (0'C6 to 
a foot); but I found it necessary, for the sake of commanding the angle, 
to measure back one hundred and fifty-sis links on the meridian-Uno. My 
station was therefore forty thousand one hundred links from the Hartwell 
instrument, where I found the angle between the latter and Aylesbury spiro 
was exactly 17° 31'; and from the station on Haydon TTill, ten thousand one 
hundred and forty-eight links from the Observatory on the same line, the angle 
was 73° 60'. The question now was simply 



W, H, and O, being the base-line running from Whitchurch Polo, through 
the Haydon Hill station, to the observatory; and the apex is Aylesbury spii’e. 
We then have— 

Sin. WAO : sin. AWO: :W0 ; AO =4-1008694 or 12614*2 links. 

Sin. WAO : sin. AOW::W0 : WA=4-6387443 or 34673-6 links. 

Sin. AHO : sin. AOH ::A0 : AH =4-0348092 or 10834-5 links. 

With these data, and assuming that in this latitude 62.83 feet are equal 
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to a second in space, it follows that the longitude of the Hartwell Observatory 
may be very safely regarded as in longitude 50' 39"'46 west of Greenwich, or 
+ 3“ 22®-63 difference of time: and the latitude yielded by this method is 
51® diS' 14"'58 north. There is a vague rumour that General Roy’s data for 
the position of Aylesbury spire require correction: when this shall have been 
ascertained and reduced to a fact, there is no doubt but the corrective quantity 
will follow the inquiry, and be duly applied; then the same amount may be 
added to or subtracted from the ordinate for Hartwell. But, until such an 
operation has been earnestly undertaken and satisfactorily performed, the tri¬ 
gonometrical longitude here given will answer every possible purpose, although 
mundane sphericity was not considered in the above computation. 

To revert for a moment to the process by means of moon-culminating 
stars, I ought to have mentioned, that the vicinity of Hartwell is very strong 
in meridian moans for attacking the problem, there now being no fewer than 
three other meridian batteries in immediate connection. The first of these is 
an excellent and eficient private observatory, erected by the Rev. J. B. Reade 
at Stone, and fitted with a fine transit-instrument on well-placed solid piers; 
and whose equatoreal telescope is worked under my original Bedford revolving 
dome. The second is a neat transit-room built by the Rev. Charles Lowndes, 
at the Hartwell Rectory; it is furnished with a transit-telescope of 4-2 inches 
aperture and sis feet focal length, accompanied by a capital clock of Bent’s. 
The third is a smaller one in Aylesbury, equipped by Mr. Thomas Doll. The 
last is well worthy of note, because it evinces the successful pursuit of prac- 
ticjd astronomy under forbidding difiicultios. Of loss pretension than its costly 
neighbours, this TJranian room is but seven feet in length, five feet and a half 
wido, and sis feet and a half high. It is constructed in the comer of a court¬ 
yard devoted to far different business, the turmoil of which has not prevented 
some excellent observations being made and recorded. By placing the pier 
for his thirty-inch transit and meridian-slit a good deal on one side of the room, 
Mr. Dell has contrived space for his clock and a writing-dosk. The building 
is of wood, which, being screwed together, can be taken apart, easily canned off. 
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and set up again in a very short time, iJ‘ nodcisaary. 'Phn cost, iiicludinfr 
labour and materials, did not much exceed six pounds. 

The HartweU transit-instrument i.s already doscrihod; hut, althougli not 
exactly necessary, it might have been iTit(fl‘<jHting to nientioti that it rcvsnlted 
from a family legacy. The following inscrij)t.ions are ongiwod, on circnilar 
silver plates, above and below the transit coma’s ceutr<^— 

This instrinnciU wiLS niiulc hy 

Thomas Jones of Charing Cross, under tlic ms|)ocai()u of (Ja])t. W. II. Smyth, IhN. 

For bho TransiL Koom iiL lliirtwoll, 1831, 


JoaniiL Lee, IjL.D, 

rcstuniunto Legavit Ijouisii Soi'or CiiriHaiinu, 
A,H. MDOOOXXX.!. 


Mr. Epps principally observed those olyoots which traiusited the uu'.ridiaii, 
as the moon, moon-culminating stars, jmd plaiuds hut, having something t.o 
learn in using instruments of a larger size than lui had l)('('.n aeoustonujd to, 
he can hai-dly ho said to have fairly ontorcjd upon what, w-as projiosi'd to Ixs 
his standard occupation. There aro therefore*, some d(*.tieiencics juul various 
awkwardnesses in Ms recorded observations, for wluVdi h(( (unikl no dotiht in 
some measure have accounted, had ho lived to ludiice. tluuu hims<‘lf. J*\,ur or 
five years after Ms regretted death, all Ms rougli regist(n*s were forward^*.!! to 
me at Chelsea; and, having closely investigated the whole of them, I wdeeted 
three hundred and fifteen of Ms stars, many observed with the moon, hy which 
to test the resulting right-ascensions, as a proof of their trustworthiness in 
questions of longitude. Erom the very tenor of this inquiry, it was attended 
small dinidgery, as many were called that wore not ultimately chosen. 
Every effort, however, was made to secure as groat a number of the transits 
as possible from oblivion; but, owing to the instrumental coiTCctions not 
being always noted, even the apparent clock-error was on many days too 
wavering to be depended upon. In this probability has claimed its 
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sliaio of attoiitioii in solscting tlio Greenwicli stsirs on which, to append the 
eoiToctions; and the squared sheets of papers mentioned ia my Oyde (vol. i. 
page 429) were also called into requisition for describing the horological curve. 
In addition to which, a very efficient aid in these reductions was derived from 
computing a table of constants (sia. Z. D.—sin. P. D.) for every degree of 
polar distance, and applying the suitable correction to each star observed on 
that day; the azimuthal deviation constitutiag a most important element. In 
the following catalogue, the two Greenwich stars*—^high and low—selected for 
this object, are given in a column assigned for that purpose. The detail of 
one day’s sifting compared with the orthodox work will, perhaps, be the best 
explanation of the adopted system; since it was a case to which the more 
regular process of reduction was not altogether applicable. 

By arranging the transits of each day in the order of their N.P.I). the 
increase or decrease of the clock-error shewed the rough azimuth deviation of 
the instrument; whilst the proportion applicable to each star was indicated 
by the tabic purposely prepared for the latitude of Hartwell. 

Making due allowance for the lapse of time between the transits, and then 
applying it to the clock-errors, the difference between the high and low star 
is divided by the tabular azimuth difference between those two polar distances. 
T’lic quotient thus obtained is multiplied by the tabular number, and the result 
is apphod to the clock-error. Binally, the difference in this last column from 
tb(i olock-orror resulting from the selected index-star, indicates the modification 
ro(|uiv(id in the place before assigned to the unknown star. Por example 

* The tyro raiiy bo reminded, that by the designation Gbbbn-wich Stabs is meant oertmn bright stars 
whieh, froin their positions having been sorupulonsly ascertained by repeated observations with pCwerful 
meridian instniinenls, nro made use of by all the working astronomers for the regulation of time, for latitudes, 
fur lunar distances, and for station-pointers in oelestinl space. At my commencing acquaintance with them, 
they numbered 36 ; but in 1834 they were increased to 100, by a committee of which I had the honour of being 
a imsmbcr. They have been current under the prenomina of Maskelyne's—Greenwich—Nautical—Known- 
Standard—and Clock stars. 
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speculum: hartwellianum, 


1B5D. 

2nd May. 

Stars. 

Approx. 

AQ. 

N.P.D. 

Clcxdc-orioi. 1 

Dm. of 
AE. 

Applied 

Olook-eir. 

Axlmuth 

dev. 

Applied 

Oorrection. 

Oorr.to 

star’s 

place. 

By nsunl 
motlioU. 

Arim. (lovlat. Table 
for IXartwell. 



li. m. 

o ^ 

HOG. 

s. 

see. 

a. 

see. 

a. 

H. 

s. 

oomp. 

3 Urs. Maj. 

12, 07 

32-02 

+ 12-88 

+ 0-19 

12*67 

— 0-10 

+ 12-47 

+ 0-66 

+ 0-71 

— 0-20 


y Ura. Maj. 

11, 46 

36-26 

+ ll-TO 

+ 0-17 

11-87 

— 0*04 

+ 11*83 

+ 0-01 

+ 0-04 

— 0*08 


a Can, Yen. 

12, 49 

50-49 

+ 11-86 

+ 0*22 

11-67 

+ 0-14 

+ 11*71 

— O-ll 

— 0*03 

+ 0-29 


Castor* 

7, 24 

67-46 

+ 11*08 

. 

11*63* 

+ 0*19 

+ 11*82 

• • 

— 0-0« 

+ n-40t 


Pollux 

7, 80 

61-36 

+ 11-72 

+ 0*0 

11*72 

+ 0*22 

+ 11*94 

+ 0-12 

+ (1-41 

+ 0*46 


Loonis 

11, 41 

74-32 

+ 11-32 

+ 0-17 

11*49 

+ 0*80 

+ 11-79 

— 0-03 

+ (1-01 

+ 0-02 

comp. 

«r Virg. 

11, 63 

82*26 

+ 10-08 

+ 0*18 

1M0 

+ 0*34 

+ 11*60 

— 0-32 

— <)-27 

+ 0-70 


Prooyon 

7. 81 

84-22 

+ 10*99 

' 

10*99 

+ 0*36 

+ 11-84 

— 0-48 

— (1-60 

+ 0-72 

comp. 

y Virg, 

12, 33 

90*30 

+ 11-40 

+ 0*21 

11*61 

— 0*38 

+ 11-99 

+ 0-17 

+ 0-2B 

+ 0-80 


/3 Oorvi 

12, 26 

112*30 

+ 11-12 

+ 0-20 

11*82 

+ 0*60 

+ 11-82 

• • 

+ O'OO 

1- 1*06 






Castor 

11*63* 





•40-I- 


•31 dividend. JDIIL •01))-310(47*7 


•50U 

•15 


—9*0992 —7-6818 +0*4776 —9-0276 
—1*1434 —1*1330 +9*6401 —0*9611 


+ 0*2420 +8*7148 +0*0287 +0*0886 


Nat. nuin. +a 1*748 \ 
h 0*062 f 

c 1*066 (+8*828 
0-973) 


h UrBCB Majoris dbs&rved 12*^ 7™ 40®*82 


A.S.0.121* 6"* 67»*68 proo. 3*008 
27 *03 9 

8*83 -- 

- 27*027 

7m 28-44 - 

ObBorved 7“ 40-82 


Clock + 12*38 


JErt'or hy i^rocyoih. 

20 April + 14*20 *48 *48 *48 *48 QxtoiknL 

2 May + 10*99 *2 *08 *3 *4 


Loatin 721i»3«*21=.*04 porV. -090 -0384 *144 *102 Ac, I)c». 


Error by Pollux. 

29 April + 14-63 *48 *48 -48 -48 

2 May + 11*72 *40 *0 *7 *8 


Lo8tin72h«2«‘*91=:•04po^h^ -210 *288 -J330 -381 Ac./M*. 


TT Virginia ohaerved 11^ 52“ 60®*32. 


abed 
—8*8274 +7*8618 +0*4877 —7*9467 
—1*1434 —1-1380 +9-6461 —0*0611 


+ 9*9708 —8*4948 +0*0888 +8*9078 


Nut. Num. +11 0-936, 

e 1 - 080 )^° 
d 0-081 


A.S.0.11** 62® 09“*61 preo. 3*074 Error by Castor, 

27*06 9 29 AprU +14-69 

2-07 - 2 May +11*63 

- 27*666 — 

89*34 - Lost in 72 h®2“*06='O4 peril*", 

Observed 60 *32 - 

Oloolc -f 10*98 


*48 <^fuot^viil. 

1*06 AZ.N.P.D. 112'* 30' 

•240 

•480 


*6040 Az. l)ov. /3 Curvi. 


+ 2-066 
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y FsTflimM dbsen'ved 12'* 38“ 43’'50. 


—8-8194 —7-0814 +0-4808 +6-7786 

—1-1484 -1-1380 +9-6461 —0-9611 


+ 9-9028 +9-1144 +0-0264 —7-7346 


+ a 0-918\ /n'inr 
h 0-180 

cl-082j ^2-106 


A.8.0. 12h 33“ 028*79 preo. 3*022 
27 -20 9 

2-11 - 

- 27*198 

32*10 - 

Obaervod 43*60 

Clook + 11 *40 


Examples for connecting iR. ofuTiJcnown* atarSi hy two Chreenwich stars being assumed as 
hnoTJon, a Cyffni aryd a® Gapricomt. 


Ex. I. y Oygni gives olook-error too small; its assigned jR 
being too small:— 

4tb July, 1839 . . Computed . . AR. 20^ 16® 20"*23 


Correction.* + *64 

20 *87 

Observed.27 *60 

Clock alow. 2 *27 

Azimuth deviation ... — *17 

The same as by « Cygni . . — 2 *10 


Ex. II. Q Aquilffi gives olook-error too largo; ite aasignod iR 
being too large:— 


4th July, 1830 . . Compntod . . All. 20*^ 3“ 28*72 

Correction.— *15 

3 02*67 

Observed. 2 69*97 

Olook-error.— 2*00 

Azimuth deviation . . — *60 

Agreeing with » Cygni . — 2* 10 


In tlie following Catalogue, the Hartwell Stars are digested and tabulated 
upon a particular form and principle. The left-hand page contains the copy 
of Mr. Epps’s registered observations, forming, as it were, the raw material of 
the right-hand or opposite page, where the results of reduction—by the 
method which I adopted—are given, and the difference of those results from 
the well-known Catalogue of the Royal Astronomical Society; the whole being 
brought up to the epoch 1860 by Mr. Baily’s co-efidcienta. I have appended 
weights, 0 to 3, on the ultimate detonninations, as shewing the comparative 
value which an investigation of them produced. 


The division of hmon and unknown alars is rather arbitrary in astronomical parlance: the lirst is a loosely- 
rolative expression to distinguish between those bodies which have been so accurately determined os to become 
rated standard stars, while the latter name is applied to those which have been less examined. Some of these, how¬ 
ever are nearly as excellently placed; and, as was the case with my late friend Sir Walter Scott, may be termed the 
Known Unknown (see ante^ page 177, note). Indeed, many of them might be very safely enrolled in the columns 
of the Standard Catalogues. 


2 a2 
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SPBOULITM HAJITWELLIANITM, 


OBSERVATIONS. 


Date. 

Star’s name. 


Telescope wires. 

Moon 






B 

n. 


B 

B 

Tranalt. 

Error. 

c’s 

Dally 

rate. 

1888 



sees. 

secs. 

h. m. B. 

secs. 

secs. 

8. 

8 . 

8. 

8 Oct. 

21 Andromedm NA. 

a 

19-6 

40*6 

0 

0 1*6 

22*6 

43-6 

1*62 

—03-82 

-2*41 

20 

Ditto 


21-0 

42-0 

0 

0 8-3 

24-2 

46-4 

8*18 

—01*03 

—2*08 

3 Oot. 

88 Pegasi NA. . . 

y 

16-2 

84*4 

0 

4 53-8 

13*0 

32-2 

68-72 

—03*77 

—2-38 

29 „ 

Ditto 


16’0 

36-0 

0 

4 66-2 

14*4 

83-6 

66-22 

—02*26 

—2-29 

3 Oot. 

8 Oeii oom^}. . . . 

i 

31-9 

60*8 

0 

11 09-0 

28*8 

47*7 

9*82 

—03-88 

—2*34 

20 „ 

Ditto 


38'6 

62*6 

0 

11 11-2 

30-0 

49-0 

11*26 

—02*41 

—2*17 

3 Oot. 

44 PiBcium . . . 

i 

28-0 

40*6 

0 

17 06-2 

28*8 

42-6 

06*22 

—03-84 

—2*19 

29 

Ditto 


29-8 

48*6 

0 

17 07-0 

26*6 

44*0 

0-08 

-02*61 

—2-21 

26 Nov. 

Ditto 


42*0 

0-7 

0 

17 19-8 

87*9 

66*6 

19*28 

+ 10-36 

—0-79 

26 Nov. 

18 Caasiopeise NA, . 

a 

29-0 

2-0 

0 

31 86-0 

8*0 

41*0 

86*00 

+ 10*39 

—1*16 

1839 

17 April 

Ditto S.F. 


40-3 

22*0 

12 

80 66-0 

28*1 

1*0 

60-08 

—27*60 

—1*13 

1838 

20 Nov. 

10 Oetl AT. .tl. . . 


1*6 

21*1 

0 

36 40-7 

0*2 

19*8 

40-66 

+ 00*06 

—0*35 

» 

P.180 Piaoium AS.0.79 

29*7 

48-2 

0 

40 00-8 

26*4 

44-0 

6-82 

+ 12*08 

—0*10 

INov. 

5 Arietis iV. A. . . 

y 

65-4 

16-0 

1 

44 84-6 

64-2 

18-9 

34-02 

—08*26 

0 

1 Nov. 

48 Arietis oonijf .. . 

1 

13*7 

38-6 

2 

49 63-8 

18*1 

38-0 

68-32 

—08*31 

—2*01 

27 Doc. 

Ditto 


40*4 

9*1 

2 

60 29-0 

48-0 

8-9 

29-00 

+ 27*26 

0 

1 Nov. 

02Oetii?-..4. . . 

a 

6-7 

26*2 

2 

63 43-8 

2*4 

21*0 

43*82 

—09*02 

—2*16 

1 Nov. 

Arietis .... 


38*8 

68*6 

3 

02 18-8 

88-0 

67*8 

18-80 

—08*14 

—1*96 

2 „ 

Ditto 


86-8 

66*4 

I ^ 

02 16-0 

86-8 

66*6 

16-10 

—10*86 

—2*02 

27 Deo. 

Ditto 


14*6 

84*2 

8 

02 54-0 

18-7 

33*2 

63-94 

+ 27-24 

0 


Remai'ks. 


Rato witli a Coron, 6 daya 
boforo. 

Rato with ^ 3 daya 

bofuro. 

LoyolW. + Rato 

with ty A(|ui. 3 days bo- 
foro. 

Lovol next day IS. + 0"*65 
Jiato -wlib y A<j[uiltt 3 3 days 
provioua. 

Lovol on llio Cth rod. to 
W. + Itato by 

Oapr, 0 <layfl after. 

Rato with a Caprlo. 3 daya 
previous. 

Wrottoaloy corroots N.A. 
by + 0"*‘ll. Rato with 
Caprio. (J daya provioua. 
Itato with a Cax)rio. 3 daya 
provioua. 

Itato wiUi a Aqua. 2 days 
provioua. 

Rato by y Dram M., S. P. 
2 daya iirovioua. 

Rato with y U. M. tlio pre¬ 
vious day. Cloudy ; mor. 
mark trom. 

Rato with $ Oax>r. 2 daya 
provioua. 

Wrottosloy corroots it by 
+ Rato with ^ 

Peg. 2 days provioua, 

Dblo star, samo AR. 


Rato by y Pog. 3 days pi’O- 
vious. Az. or. by a Cap. 
and a Oyg. +1".28 and 
by f6 Coti and a Pors. + 
0-97. 

A good night’s work. Oik. 
put forward to-day. 

Rato with a Aqua. 3 days 
provioua. 

Rato with y l»og. 3 days 
provioiw, 

Rato with y Peg, 4 days 
previous. Lovol W. + 
0"-26, 

The clock was put forward 
to-day. Az. E. + 0''‘27 by 
Aqui. and a Cyg, by 
Rpps. 
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DEDUOTIONS. 


Star's nftTnq. 

AR. 1 Jan. 1850. 

Approx. P J). 

A 

Aat. 0. 

Dolly 
Axlm. 
Dev. E. 

Stars compared for 
dolly ozlm. 

Wt. 

Az. cor¬ 
rection. 

Bemorks. 



h. in. s. 

0 / 

fl. 

B. 



B. 


21 AndromecUe . . 

a 

0 00 87*98 

61 45 

+ 0*06 

1*00 

a LyrsQ and mean 

1 

— 0*46 

Level W. + 0"*96. 

Ditto 




— 0*73 

1*28 

a Oyg. and Oaprio. 

2 

— 0*68 

Resumed oye-pioce No. 3. 
Tolerable night. 

88 Pegnai . . . . 

y 

0 05 80*86 

76 89 

— 0*21 

1*00 

a Lyr. and mean 

1 

— 0*63 

Gh^eenw. stars irregnlor. 

Ditto 


99 

99 

— 0-04 

1*28 

a Oyg. and a® Ooprio. 

8 

— 0-81 

Enoke's comet seen. 

8 Ceti .... 

i 

0 11 46*78 

99 89 

— 0*02 

1*00 

a Lyr. and mean 

1 

— 0*90 

Clouding over. * 

Ditto 


99 

It 

+ 0*14 

1*28 

a Oyg. and Oaprio. 

3 

— MO 

Levol next day E + 
0"'66. 

44 Fisolum . . 

. t 

0 17 42*46 

88 53 

— 0*12 

1*00 

a Lyrm and moan 

1 

-0*77 

Results unsatiafootory. 

Ditto 


99 

99 

--0-10 

1-28 

a Oyg. and Oapi-ic. 

2 

— 0*98 

Resumed eye-pieoo No. 3. 

Ditto 


99 

99 

+ 0*13 

0-81 

y Droc. and Fomol, 

2 

+ 0*23 

Transits irregular. 

18 OassiopeiiD . . 

a 

0 82 00-70 

34 17 

+ 0*10 

0-81 

y Drao. and Fomol. 

3 

— 0*04 

Levol W. + 0^*60. 

Ditto S.P. 


>1 

91 

+ 0*28 

i 0*50 

y UiB, M, and jS Oorvi 

2 

— 0*06 

The lower passages ore 
irregular. 

16 Oetl . . . . 

. a 

0 86 03-19 

108 49 

— 0*47 

0*31 

y Droo, and Fomol. 

0 

+ 0*82 

Oloor weather. 

P.189 PiaoiumA.S.0.79 

0 40 28*86 

85 29 

+ 1*86 

0-81 

y Droo, and Fonud. 

8 

+ 0*22 

The N. A. continued the 
error. 

5 Ariotis . . . 

‘ y 

1 45 18-26 

71 27 

+ 0*66 

1*35 

a Fora, and a? Oaprio, 

3 

— 0*78 

Too groat an az. devia¬ 
tion. Epps gives two 
deviations for to-night. 

48 Ariotis . . 

f 

2 50 38*82 

69 16 

+ 0*48 

0-21 

a Oyg. and a Aqui. 

1 

+ 0*11 

A fine clear night. 

Ditto 


99 

99 

+ 0*62 

1-36 

a Fers. and o? Oaprio. 

2 

— 0*74 

Some Oreenwioh stars 
irregular. 

02 Oeti . . . 

. a 

2 54 26*36 

86 80 

+ 0*20 

1*35 

a Pers. and a? Oaprio. 

3 

— 0*76 

Variable night. 

Arietis . . . 

. ^ 

8 03 03*10 

70 61 

+ 0-86 

1*86 

a Pers. and Oaprio. 

0 

— 0*77 

Herldian position same as 
yostorday. 

Ditto 


99 

99 

+ 0*17 

1-20 

a Pers. and y Erid. 

2 

— 0*68 

Instrument steady. 

Ditto 


99 

9» 

+ 0*40 

0*21 

a Oyg. and a Aqni 

8 

+ 0*11 

Therm, in oik. case 36°. 
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SPBOULUM HAHTWELLIANTTM. 


OBSERYATIONS. 

Date. 

Star’s aomo. 

Tclescopo wires. 


I. 

n. 

Oontro. 

IV. 

y. 

1839 

15 July 

38 Porsei jY. A,, S. P. a 

secs. 

BOOS, 

2*16 

b. m. B. 

16 12 60*0 

sees, 

18*6 

sees. 

47-0 

1888 

28 Doo. 

Pleiadum b, or 17 Tauri 

6*8 

27*0 

3 36 47-2 

7*6 

27.7 

2 Nov. 

25 Tauri . . . . e 

5*6 

26*8 

8 37 40-0 

6*3 

26*5 

27 Doo. 

Ditto 

43*2 

8*0 

3 38 28*9 

44*0 

4*3 

28 „ 

Ditto 

42-7 

2*8 

3 38 23*0 

48*3 

3*6 

1839 

2B Feb. 

34 Eridonl . . . 

35*4 

64*4 

3 60 13*6 

32*0 

61*7 

1838 

2 Not. 

Tauri 00 )^ 7 ;. ... A' 

21-6 

41-4 

3 66 01*4 

21*2 

41*6 

27 Doo. 

Ditto 

60*B 

19*7 

3 65 30*6 

69*7 

19*8 

28 „ 

Ditto 

60*0 

18*0 

3 65 30*0 

68*9 

19*0 

1830 

25 Foil. 

14 Draoonifl 3.P. tj 

13-2 

r>2-8 

4 31 32*2 

11*8 

61'0 

24 April 

St Tauri A. . , ri 

23*0 

42*4 

4 27 01*8 

21*0 

40-3 

26 Fob. 

Ditto 

- 

. . 

4 20 24*0 

48*0 

2*6 

1838 

28 Doo, 

102 Tauri eomj), . . i 

10-0 

30-7 

4 63 65-0 

16*6 

30*6 

1830 

24 April 

13 Aurignj A''.-!!. . a 

15-6 

42*0 

6 06 08-C 

36*2 

2*0 

>9 

ID Orionis N. A, * . jS 

. 

; 49-3 

6 07 08'2 

27*2 

40*0 

1838 

7Moy 

112 Tauri iV^. ri. , /3 


68*7 

6 16 ig-0 

40*8 

2*0 

28 Deo. 

Ditto 

63*0 

14*0 

6 16 36-0 

60*0 

17*2 

2 Deo. 

186 Tauri rom;;. . , 0 

82*8 

63*7 

6 43 U-8 

36*7 

60*7 

2 Deo. 

68 Orionis AT. ri,. . u 

^61*1 

10*0 

6 46 28-7 

47*8 

6*2 

1839 

24 April 

Ditto 

10*4 

29*0 

6 46 47-8 

6*7 

26*2 

1888 

2 Doo. 

18 Geminorum JV. A. ^ 

84*7 

64*7 

6 18 14'9 

34*0 

64*9 

1839 

28 Feb. 

27 Geminorum oomj). t 

• 4 

27*8 

6 84 48-2 

8*8 

29*3 

24 „ 

9 Oanie Mej. AT.ri. 0 

t 8*8 

28*2 

6 87 47-6 

7*0 

26*3 


Mean 

Transit. 

Olooli 

Error. 

.’8 

Doily 

rate. 

ItomnrlcB. 

s. 

s. 

8. 


60*00 

— 02*96 

U 

Rev. axis, no or. in oollim. 

47*24 

+ 26*06 

— 0*63 

Rato with g Ariotis yester¬ 
day. 

46*04 

— 09*96 

— 1*93 

Rato witli y Peg. 4 days 
previous. 

23*80 

+ 27*36 

0 

The olook was put forward 
to-day. 

23*08 

+ 20*63 

— 0*72 

Rate by Tnu. the jtroviuuH 
Jay. 

13*62 

— 18*17 

— 1*36 

Rato witli 1 Can. M. 2 dayH 
IjroviouH, 

1*40 

— 10*21 

— 1*90 

Rato witli t ArioL 1 day 
]>roviouH. 

30*64 

+ 27*48 

0 

Cluck x>uL oil to-ilay. 

38*06 

+ 20*80 

— 0*68 

Rato witli itself yostorday. 

32*20 

— 17*70 

— 1*27 

Rato with n J)rac. H. 1*. 

8 days proviciiis. 

1*70 

+ 20*36 

0 

Rato uncoil. Axis rovorsod. 

23*83 

— 18*16 

— 1*67 

Rato with 1 Coni. 2 <layH 
proviouH, 

60*64 

+ 20*70 

— 0*65 

Rato with « Tnu. yost(Tdny. 

8*60 

+ 20*60 

0 

Level W. + 0"*n. Rovfl. 
axis on 22d instiuit. 

8*23 

+ 20*03 

0 

Htnrs truniuloUH. Axis rovd, 
on 22d instant. 

19*80 

+ 16*79 

0 

Axis rovorsod. IjCV(»1 W, 

36*04 

+ 20*46 

— 0*90 

Rato with ti Tau. yostorduy. 

14*74 1 

+ 01*06 

— 1*46 

LovolK. 0^'*71. Rato with 
it I’og. 8 days proviouH. 

28*06 

+ 00*22 

-1*62 

Rato witli g l*og, 8 days 
previous. »Star largo. Luvol 
K, 0"*71, 

47*82 

+ 20*11 

0 

Very troni. clock put for¬ 
ward. 

14*82 

- 00*62 

— 1*60 

Stars (liflicult. Lovol K. 
+ 0«*71. l^Ato with a 
Peg. 8 days previous. 

48*26 

— 14*81 

-1*79 

Level "W. + 0«’49. Itato 
with. 3 Gom. next day. 

47*66 

—16*79 

— 1*32 

Star bad 6g. Bate by 1 
Can. M. provioua day. 
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DEDUCTIONS. 

Star’s luunG. 

AB. 1 Jon. IBAO. 

Approx. F.D. 

A 

ABt. 0. 

Daily 
Azlm, 
Dot. E. 

Star's compared Ibr 
dolly Azun. 

Wt. 

Az.corroo- 
rectlun. 

Bemorks. 



h. m. B. 

O ^ 

B. 

8 . 



fl. 


33 Persei S.P. . 

. a 

3 13 37-7r 

40 41 

+ 0*66 

0*49 

y Droo. and ^ Sagitt 

0 

— 0-76 

Transita irregular. 

1 Pleiadum &. or 17 Tauri 

3 86 68*27 

66 20 

+ 0-71 

0*43 

OapoUa and Rigol 

0 

+ 0-23 

Level oarefuUy taken W. 










+ 0"*47. 

25 Tauri . . . 

. «i 

3 38 34-03 

66 20 

+ 0*64 

1*20 

a, Pors. and y Erid. 

2 

— 0*61 

Lovol nearly os yoatorday 

Ditto 




+ 0*61 

0*21 

a Oyg. and a Aqui. 

2 

+ 0*10 

Clock vibrations down to 










16*0. 

Ditto 




+ 0*38 

0*43 

Oapella and Eigel 

3 

+ 0*22 

Lovol W. + (t"-47Slmt- 










lor opou. 

34 Eridoni . . 

. y 

3 61 01-70 

103 66 

0 

0*60 

n Drao. S. P., and y 

0 

— 0*47 

Morid. position steady. 







Erid. 




Tauri . . . 

. 

3 56 40*48 

68 20 

+ 0*84 

1*20 

a Pera. and y'^ Erid. 

3 

— 0*66 

Lovol + 0"*26. Epps’ 










Az. dev.=l**23. 

Ditto 




+ 0*76 

0*21 

a Oyg. and a Aqni. 

1 

+ 0*11 

A flne clear night. Tlior* 










mometer 36“. 

Ditto 


*» 


+ 0*67 

0*48 

Oapel. and Bigel 

8 

+ 0-24 

Lovol W. + 0"-47. 

14 Draoonia S.P. 

> n 

4 21 67-32* 

28 09 

+ 0*20 

o-so 

n Droo. and y* Erid. 

2 

— 0*98 

The S. P. transits un- 










certain. 

87 Tauri . . . 

. a 

4 27 18*66 

73 48 

+ 0*12 

0-64 

Oapel. and Bigel 

3 

+ 0*39 

A long and good night’s 










work. 

Ditto 



>9 

0 

0*60 

n Drao. and y* Erid. 

3 

— 0*30 

A merid. mark exact. 

102 Tauri . . . 

i 

4 64 07*62 

68 38 

+ 0*60 

0*48 

Oapel and Bigol 

1 

+ 0*24 

Lovollod with tho roof 










open. 

13 Auriga) . . 

. a 

6 06 86*36 

44 10 

+ 0*14 

0*76 

y Ura. M, and/3 Oorvi 

2 

+ 0*10 

A good night’s work. 

19 Orionis . 

. 13 

6 07 19*66 

98 28 

-—0*02 

0*64 

Oapel and Bigol 

2 

+ 0*66 

Tried sev.pairs for Azim. 

112 Tauri . . 

. 13 

6 16 48*66 

61 31 

+ 0*37 

1*00 

Moon and Spica 

1 

+ 0*40 

Level "W. + O''*40. 

Ditto 




+ 0*22 

0*43 ' 

OapoL and Bigol 

3 

+ 0*10 

Epps’ az. dev. by same 










fltar8=0®*42 

130 Tauri . . . 

. C 

6 43 68*74 

62 26 

+ 0*38 

1*47 

1 Gom. and Siriue 

0 

+ 0*66 

Star too large. 

58 Orionifi . . 

, . a 

5 47 03*00 

82 88 

— 0*01 

1*47 

1 Gem. and Sirius 

0 

+ Ml 

Tolerable figure. 

Ditto 



a 

0 

0*64 

Oapel and Blgel 

1 

+ 0*46 

Level W. + d"*ll. 

13 Gtnniuorum . 

. . (i 

6 13 62*65 

67 26 

+ 0*07 

1*47 

1 G^m. and Sirius 

0 

+ 0*76 

Irroconoileablo with a 










Orionis. 

27 Oommoruin 

. • ■ 

6 84 41*76 

64 44 

+ 0*29 

0*42 

Castor and s Oan. M. 

2 

— 0*21 

Clouds fiitting post. 

9 Oanis Maj. 

. a 

6 88 82-18* 

106 30 

+ 0*03 

0*24 

a* Oast and i Oon. M. 

1 

— 0*23 

Variable night. 
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SPEOTJLUM HAB-TWELIilAlTOM, 


OBSERVATIONS. 




Telescope wlros' 



Date. 

Star's name. 








I. 

n. 

Centre. I 

IV. 

V. 



secs. 

secs. 

h. m. B. 

secs. 

secs. 

1888 

2 Dec. 

42 Geminorum comji. « 

60-8 

17*2 

6 62 37-6 

68-0 

18*4 

1889 

23 Fet. 

56 Geminorum ^.A. $ 

36-8 

66*8 

7 10 16-8 

86*9 

60*9 

24 „ 

Ditto 

36-8 

56*2 

7 10 16-3 

36*4 

66*6 

23 Feb. 

60 Geminorum comp. i 

48'0 

9-0 

7 16 30*1 

61-3 

12*1 

24 

Ditto 

. . 

7‘6 

7 16 28-6 

49-6 

. . 

20 April 

66 Gominorum a* 

4-0 

26-0 

7 28 48*0 

10*0 

82*0 

29 „ 

Ditto 

60-8 

12*8 

7 24 34-7 

66*7 

18*7 

1838 







7 May 

Ditto 

48-6 

10-4 

7 24 32-8 

54*4 

16*6 

1839 

23 Feb. 

10 OonifiMmoris 

1*5 

20-2 

7 30 88-9 

67-6 

16-2 

24 „ 

Ditto 

69-4 

18‘0 

7 80 36-7 

65*4 

14-0 

16 April 

Ditto 

49‘2 

8-0 

7 30 26-7 

46-6 

4-0 

19 „ 

Ditto 

44-9 

8-0 

7 80 22*1 

40-7 

69*6 

20 „ 

Ditto 

43-1 

1-9 

7 30 20-7 

39‘3 

67*9 

29 „ 

Ditto 

30-0 

48*7 

7 31 07-3 

25'8 

44*0 

2 May | 

Ditto 

20-7 

46-2 

7 31 04-0 

22-8 

41*4 

6 „ 

Ditto 

23-7 

42-3 

7 81 01-0 

19-8 

88*4 

23 Fob. 

78 GKsminorum NA. /3 

32-0 

68-2 

7 86 14-4 

86*6 

66*8 

24 „ 

Ditto 

80-7 

51-7 

7 36 12-8 

38*9 

66*0 

6 April 

Ditto 

86-9 

58-0 

7 36 19-0 

40*1 

1-8 

16 

Ditto 

20-6 

41*6 

7 86 02-6 

23*7 

44*8 

10 » 

Ditto 

16*0 

37*0 

7 84 68-0 

19*0 

40*8 

20 „ 

Ditto 

14*2 

35-4 

7 84 68-0 

17*7 

38*8 

29 „ 

Ditto 

0-9 

21*9 

7 86 42-9 

4*0 

26*2 

2 May 

Ditto 

67'9 

19-0 

7 86 40-0 

1*0 

22*2 

6 „ 

Ditto 

64*9 

16-0 

7 36 37-0 

68*1 

19*2 


Mean Clock's 

Transit. 

Error. Dally 

rate. 

H. B. B, 

87-60 + 0-97 —1-46 

ie-84 — X6-11 _1-B4 

16-84 — 18-00 —1-60 

30-10 —16-01 —1-40 

28-6 — 16-60 —1-49 

48-00 — 32-29 —1-67 

34-74 + 14-69 —1-24 

82-42 + 16-68 —0*96 

38-88 — 16-10 _l-49 

36-70 — 17-26 —2-16 

26-68 — 20-68 —1-80 

22-16 — 81-06 _ 1-49 

20-68 — 82-62 —1-67 

7-28 + 14-28 —0-87 

4-02 + 10-90 —1-10 

1- 04 + 8-08 —0-90 

14-40 — 14-94 —1-16 

12-82 — 16-61 —1-67 

19-06 — 0-67 —1-17 

2- 62 — 26-03 —1-63 

68-06 — 80-44 —1-60 

68-64 — 31-96 —1-61 

42-98 + 14-68 —1-00 

40-02 + 11-72 -0-97 

87-04 + 8-77 


Item arks. 


Lovol E + 0"’71. Rato 
'with a Peg. 8 days pre- 
viouB. 

Lovol W. + 0'''49. Rato 
by a Gom. 2 sucoosuivo 
(lays. 

Rato with itself previous 
<lay. 

Vory unsloady. Rato by it- 
Bolf llio next day. 

Rato by itself yostorday. 

Yory Htoa<ly. Rato by Pro- 
eyon yostorday and to-day. 
Rato with itself ono day. 
Voiy steady. 

Rato with itself 3 days after." 
Largo power oyo-pieeo No. 
4 now ax^plied. 

Star very faint. Roto by 
^ Geui. 2 sneeosHivo days. 
Star very faint. Rato by 
itself yesterday. 

Tolerably sttwly. Rato witli 
Sirius fi days previous. 
Very steady. Rato by it¬ 
self 3 days. 

Rate by itself yesterday. 
Oleok jmt forward 22n(l. 
Rate with Spiea yesterday. 
Rate with itself 3 days pre¬ 
vious. 

Rate wiUi itself 3 days pre¬ 
vious. Largo power oyo- 
pioco No. 4 now applied. 

Faint through elouds. Rate 
with Aldol). 0 days jiro- 
viouH. 

liato by itself yostorday. 
Pi’otty good. Rate with 
Reg. C days previous when 
oleok was put forward. 
Rate liy itself 10 days pre¬ 
vious. Star faiut. 

Clear and steady. Rato 
with itself 3 clays pro- 
vioxis. Lovol E, + 0*"42 
Rato by itsolf yostorday, 

Clock put forward on 22d. 
Rato with ArcturuB 2 cloys 
previous, 

Rato with itsolf 3 days pre¬ 
vious. 

Rate by itsolf 8 days pro- 
viouB, 


— 0-98 




ME. EPPS’S MEEIDIOKAli OBSBEVATIONS, 


186 





DEDTJOTIONS. 




Star’s namo. 

Aft. 1 Jon. 1800. 

Approx. P.D. 

A 

ABt. 0. 

Dally 
Azim. 
Dot. E, 

Stara compared ibr 
daily Azlm. 

Wt. 

Aa. cor- 
rectioiL. 

Bemarks. 


li. xa. B. 

0 f 

B. 

fl. 



s. 


42 Goininorum , . 

6 58 16*08 

06 34 

+ 0-46 

1-47 

I Qem. and Sirius 

0 

+ 0-75 

Agrees beat with 0 Tanri. 

65 Q^eminorum . . $ 

7 11 09-44 

67 46 

+ 0-14 

0-42 

< 1 ® CJast. and i Can. M. 

2 

— 0-24 

Oiouds flitting post. 

Ditto 

It 

If 

+ 0-16 

0-42 

a Ditto 

1 

— 0-18 

Haze increasing. 

(jo Gominoruin . . i 

7 10 24-33 

01 65 

+ 0-19 

0-24 

Ditto 

2 

— 0-19 

Very unsteady. 

Ditto 


ff 

+ 0-23 

0-24 

Ditto 

1 

— 0-11 

Uncertain by clouds. 

GC (jiominurum . . 

7 2C 01-41 

• 67 47 

+ 0-08 

0-81 

t XJra. M. and aHydr. 

8 

— 0-32 

Veiy steady. 

Ditto 

»» 

11 

+ 0-20 

1-00 

n Urs. M. and Spioa 

2 

+ 0*40 

Also very steady. 

Ditto 


it 

+ 0-2C 

1-00 

Mean and Spioa 

1 

+ 0-40 

A troublesome night. 

10 CutiiH Minorifl . a 

r 31 20-71 

84 24 

+ 0-23 

0-42 

Oast and i Can. M. 

2 

— 0*30 

Level W. +0'*49. 

Ditto 

» 

19 

— 0-45 

0-24 

• Ditto 

0 

— 0-17 

This the only bad transit 
to-night. 

Ditto 

7t 

11 

— 0-20 

0-30 

y Oeph, S.P. and fi 
Oorvi 

0 

— 0*14 

An irregular night. 

Ditto 

» 

ti 

— 0-16 

0-46 

y Ura. M. and /3 Oorvi 

2 

— 0-32 

A good nighfa work. 

Ditto 

11 

11 

+ 0-01 

0-81 

i Urs. M. and aHydr. 

3 

— 0-68 

Only Poll* out of bounds. 

Ditto 

* it 

11 

+ 0-13 

1-00 

9} Ura. M, and Spioa 

8 

+ 0-72 

A long series. 

Ditto 


it 

— 0-48 

0*60 

y Ura. M. and /3 Oorvi 

0 

+ 0-86 

Transit swagged to-night 

Ditto 

Tl 

it 

— 0-31 

0-48 

Ditto 

0 

+ 0*36 

Transit again wavered. 

78 Qomitiorum N". A, fi 

7 30 07-42 

01 37 

+ 0-2C 

0-42 

Oast.’ and t Con. M. 

1 

— 0*19 

Level W. + 0"‘49. 

i)itto 

}i 

11 

+ 0-24 

0*24 

Mean of stars 

1 

— 0-11 

Good short series. 

Ditto 

it 

If 

+ 0-69 

W. -20 

a Urs. M. and Reg. 

0 

+ 0-09 

Very few transits. 

Ditto 

11 

11 

+ 0-31 

0*20 

y Ura. M. and jfl Oorvi 

0 

— 0*09 

Pollux as usual difTers 
from the rest each night. 

Ditto 

it 

it 

+ 0-84 

0-46 

Ditto 

1 

— 0*20 

A good night's work. 

Ditto 

If 

it 

+ 0-48 

0-81 

i Ura.M. andttHydr. 

0 

— 0-37 

The clock error by this 
star too small with a 
slow clock. 

Ditto 

1) 

It 

+ 0-80 

1-00 

tl Urs. M. end Spica 

1 

+ 0*46 

The clock error by this 
star too large with a 
fast clock. 

Ditto 


11 

+ 0*12 

0-47 

Castor’ and /3 Corvi 

2 

+ 0-22 

Compared with the or¬ 
thodox reduction. 

Ditto 

11 

11 

+ 0*80 

0*48 

2 B 

y Urs. M. and j3 Oorvi 

1 

+ 0-22 

TransitB very regular ; 
also compared as above. 

1 
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SPBOTjnrJI HAETWELIilANUM. 


OBSEETATIONS. 


Tole&cope wiroB. 


IV. V. 


1839 

25 Feb. 19 Oancri cow/p» 


1838 
21 April 


1839 
25 Maroh 


20 April 


11 IlydriB N. A. 


X 0-r 


43 Oanori cowjJ. • y 1*2 

20 April 47 Cancri , X 21'7 


I 3'8 


77 Canon comp. . g 34'0 


beca. b. m. a. bocb. soch. 

21'0 8 10 41-4 1-7 22-0 


8 33 11-C 1-7 21-8 


8 3C 0-8 20-5 40-0 
8 34 60-1 18-7 38-3 


8 37 41'0 50-7 18-2 


9 0 11-D 34-8 C4-9 


8 60 34-0 6&-0 16-1 
8 69 33-0 63*0 ]3<3 


+ 7MI3 


. lI’bT Uu(»*w»th a tinn, joitrr* 

till', i.iti* >ulli llu' billtiw - 
iiif; liMubl lAiuniiti'il, 

_1*57 H.itpu'liri!a\. 


»lM»f» Unit* .* l.iofi r 
ilay. 1'«. i 't»i- 

■ V7li Halo w»rli 

Clnuily, 

-(I'fiiS I'Vuirtl 

, i' t), Uiitr 
villi Up i* *\ ilaV' 

- I ’58 Hall* >viiU U» i:. II altiT,. 

Ui'hiiunl (iNH f»« ti i tiMial 
]iii iitiHii, illuiuini *\ f 11*1 W 
“ rOT Vi'iy “tip'iflv, U »li» Will* 0 
f iritiii'i '‘h i«I.4V. 

1*81 Uah' »1 ‘ll >*’«!»rtl,iy 


1838 
21 April 


22 Hydxffi comp. . 48*6 


6 Cephei-V.A. S.P. a 14-0 


24 April 80 Hydns-V,A. . a 24*0 


21 April 


4 Leonia comp. . x 35*0 


14 Leonis comp. . o 88*8 


9 06 26-7 


9 14 32*8 


9 20 01-8 


0 22 16-6 
0 21 69*3 


9 32 16*8 


. <1*58 Uatf Viiih U*'vr. » >1 pri- 
\\ J I ’11'. 

- Hall' U* 

' 1'07 HIimiIv. IMa rliM I. iMittttipU 

ltat»' !•} »»1 hHMt. U‘ s\ d 

1*57 Half by % tlnti. 

day. 

*1*74 K.itf viih 5 m 

*'n y< ‘It I'd.iy, 

1*|>V Hall* iaUU U»'k* - ly^afH’r. 


21 April 16 Leonia comp. . -v// 40*6 


28 Marcli 17 Leonia iV.A, . 


28 March 24 Leonia comp, , ^ 59’2 


9 34 24*8 


9 36 47*3 


9 36 34*4 
9 86 28*0 


9 43 40*8 


- . 16‘06 — 1 


128 March 29 LeoniB comji. . 9 8-8 27-5 9 61 46'2 6'0 23-8 40-28 -t- 2-46 — 1 

26 March 80 Iiconia comii. . » 3-0 22-6 9 68 42-0 1-6 21-0 42-00 + 7-00 • -1 


Hah* liy a I'anr, yr iiird'iy. 
Ha/j, 

Cloutly* Mar fiiiit Uiif» 
t'athri plfiyipn' 

Lrvi'l K, i ir*M. Hah 
witli Sunn u* M day. 

U.il** with itHi If I pr** 

\ illUH. 

riiHh'ady. Ilin t rrftr ■*%- 
( that af c 

0*Ut tli*«m;h \riy iMMir tii 

IM>* 

UithhMidy. Huh' uilb « 
i Ia*iin. yt nlcrduy. 

Kxtrt tiiidy faitif. Uati^Avitfi 
^ la'an. 2 Uayn nfhT. 
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DEDUCTIONS. 

— 



Sliir^H iKiniQ. 


AR. 1 Jon. 1850. 

Appi-ox. P.D. 

A 

Aflt. C. 

Doily 
Axlm. 
Dot. E. 

Stars compared fiir 
dolly Azim. 

wt. 

A 2 . cor¬ 
rection. 

Remorkb. 



h. m. B. 

o / 

8. 

a. 



8. 


19 Canori , , . 

X 

8 U 36^21 

05 30 

+ 0-9U 

0-60 

ti Drao. S.P. and y 
Krid. 

0 

— 0-26 

Unfitvoumble P.D. for 
the instrument. 

Caiiopi . . . 

y 

8 34 35-70 

68 00 

+ 0-23 

0-50 

Ditto 

1 

— 0-27 

N. merid. mark exactly 
central. 

47 Oaiiori . . , 

5 

8 36 08-05 

71 18 

+ 0-30 

0-81 

t Um, M, and a ITydr 

1 

— 0-46 

Very steady. 

DiU» 



99 

+ 0-47 

0-63 

Ditto 

0 

— 0-31 

Steady, but some stars 
wild. 

IJ IIy<lno . . . 

1 

8 38 lO-VO 

88 02 

— 0-48 

0-41 

Aldob. and /3 Corvi 

0 

— 0-29 

Transits begin to be re¬ 
gular. 

77 Cliiiiori . . . 

s 

9 00 43-51 

07 21 

+ 0-20 

0-62 

Capel. and Rigel 

2 

+ 0-83 

Level W. + O^'-eC. 

DiLlo 



ft 

+ 0-38 

0-81 

t UrB. M, and a ETydr, 

1 

— 0-42 

Yeiy steady. 

DUto 



tJ 

+ 0-20 

0-63 

Ditto 

2 

— 0-27 

In P.D. 61“ to 68“ clock 
error, too small when — 
and too large when + . 

Ilydna . . . 

4 

0 0« .33-14 

87 03 

— 0-42 

0-41 

Aldob. and jS Oorvi 

0 

— 0-30 

An initiatoiy night. 

n Oniihoi y.l\ , . 

it 

0 14 C8-2C 

H.P. 28 03 

+ 1-17 

W, -20 

(1 UrBSB M. and Bogulus 

0 

+ 0-39 

A puzzling night. 

♦U) llydnu . . . 

a 

0 20 12-00 

98 00 

— 0-11 

0-04 

Oapol and Bigel 

2 

+ 0-65 

Steady. Level. W. 0"-ll. 

4 IjnoniH .... 

X 

<) 23 09-28 

60 23 

+ 0*28 

0-50 

fi Droc. S.P. and y 
Erid. 

2 

— 0*26 

N. merid. mark exact. 

l)ilU» 


j. 

tf 

+ 0-52 

0-53 

1 T7i 8. M. and a Hydr. 

1 

— 0*27 

Steady. 

I'i Loon in. . . , 

a 

!) 33 (18-12 

70 20 

+ 0-07 

0-60 

if Drao. S.P. and y 
End. 

8 

— 0-33 

A moon culminator. 

1 (i L<m)u1h .... 


II 36 38-27 

76 18 

+ 0-49 

0-53 

L Urs. M, and a Hydr. 

1 

— 0-33 

An interesting Lunar 
series. 

17 LeonlH, . . . 

1 

0 37 10-40 

06 32 

+ 0-56 

0-47 

^ Urs. M. and Keg. 

0 

+ 0-24 

A stiff night. 

Ditto 


*1 

99 

+ 0-64 

W. -20 

i UrB. M. and Beg. 

1 

+ 0-10 

A puzzling night. 

Ditto 


»» 

99 

+ 0-26 

0 

^ Urs. M. and Sirius 

1 

0 

No satiafootoiy az. dev. 

24 Loonis. . . . 


9 44 13-08 

03 17 

+ 0-08 

0-47 

^ Urs. M. and Keg. 

0 

+ 0-22 

Ke examined in vain, 

29 Loonis. . . . 

<r 

9 52 16-00 

81 14 

+ 0-16 

0-47 

Ditto 

8 

+ 0-32 

A full night. 

^0 LoouiH. . . . 

n 

0 69 08-01 

72 30 

+ 0*32 

( 

0-62 

2b2 

Oapel. and Kigel 

1 

+ 0-82 

Few transits. 
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SPEC'UL'UM: HARTWEIiLIAITUM- 


OBSERVATIONS. 



n. 

secs. h. m. 


secs. secs. b. 


1839 

10 April 32 Leonis IT, A. 


a 56'0 14*0 9 69 83'0 62*0 11'2 33*04 —16*63 — 1 

40*0 60*0 9 69 18*0 87*0 60’4 18*08 —31*39 — 1 

31*0 60*0 10 0 9-2 28*6 47*8 9*30 +19*89 — 1 

07*9 26*7 9 60 16*6 04*6 23*7 46*06 — 3*09 — ( 


33 Ursee Majoris X 


10 07 03*6 29*2 66*0 


28 MflJGh 
1 April 
6 „ 

10 „ 

27 Feb. 

1 April 
6 „ 

10 „ 

27 Feb. 

27 Mar. 

27 Feb. 


10 07 27*2 
10 07 20*9 
10 07 14*6 
10 07 08*0 


63*0 18*7 1 

40*6 12*4 

40*0 06*7 

33*8 69*6 


11 Leonis comp. . y 

34 Uraee Majoristiofn^.^ 
Ditto 
Ditto 

42 Hydrs comp. . fc 

47 Itconis coni|). . p. 

68 Leonis comp, . I 

60 Urs. Mfljoris N. A, a 


10 10 46-6 06*2 26*2 


10 12 42-0 
'10 12 36*2 
10 12 29*0 

10 17 68*4 

10 24 26*6 

10 40 28*0 

10 63 68*7 


07*2 32*2 

00*4 26*6 

64*2 10*4 

17-0 37'2 

44-4 3-2 

47*0 0-0 

39-0 19-1 


36-6 IC'S 10 S3 66-2 36-5 10-0 


+ 2-77 

— 3-60 
— 10-00 

— 16-34 


— 3-6(1 
—10-28 

— 16-38 

— 21-03 
+ 03-70 

— 21-23 
+ lC-06 

+ 08-26 


Rate witli Rog. 4 days pre¬ 
vious, 

Rato wltli itself 9 days pro- 
vious. 

Rato wiili itself next day. 
'rroimilouH. LcvelW. + 
U"*ll. Clock put for¬ 
ward. 

Rato with Aldob. 3 days 
proviouH. Tho dock pen¬ 
dulum was raised 3 divi- 
sitniB on 17th J unu, which 
ourrootud its rato. 

AR. from Cat. of 1112 
Stax'S. Rato with Castor 
3 days previous. 

Tolerably good. Rato with 
Oapel. 3 days previous. 
Rato with itsolf 4 days pro- 
vions. 

Rato with itsolf 6 days pre¬ 
vious, 

Rato with itself 4 days pro- 
viouH, 

Rato with } Gem. 3 days 
previous. 

Rat(i witli itsolf 4 days pre¬ 
vious. 

Rato with itself 6 days pre¬ 
vious. 

Rato with itself 4 days pre¬ 
vious. 

Itato ooinj). with y' hirid. 

2 days i>roviou8. 

Jilying chnids. Rato with 
n Loo. 2 (lays prewious. 

Rato with Aldob. 2 days 
previous. 

■W. ICnd level + 0''*68. 
l^.ato with itsolf 2 days 
after. 

Rato with a Drac. 0 days ' 
after. 


03 Leonis c<ymp, . 23*1 42*2 I 10 60 01*0 20*0 j 38*8 


46*4 4*2 10 66 28*0 41*9 0*7 

27*0 46*8 10 67 04*4 23*0 41*8 


27 Feb. 

Ditto 

46*4 

24 April 

Ditto 

27*0 

6 May 

Ditto 

16*0 


— 21*46 
+ 19*09 


16*0 84*0 10 66 62*6 11*0 80*0 62*60 + 08*69 ^ 


-1*17 Rato with y Virg, 2 days 
after. No error of colli- 
mation. 

-1*40 Rato with Prooyon 3 days 
previous. 

-1*00 Rato witli a Orion. 2 days 
after. Level W. + O^-ll. 
Woather clear, but stars 
troinuloua. 

- 0*77 Rato with Prooyon 3 days 
previous. 
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DEDUCTIONS. 


Star's name. 

AR. 1 Jon. 1B50. 

Approx. P.D. 

A 

Aat 0. 

Dolly 
Azim. 
Dot. E. 

Stars compared for 
doily Adm* 



h. m. 8. 

0 i 

s. 

B. 


32 Loonia . . 

. a 

10 00 22'71 

77 18 

— 0*19 

0 

^ UrsGB Moj. and Siiius 

1 

Ditto 


it 


— 0*37 

0*46 

7 Ura. M. and/3 Oorvl 

Ditto 


a 

'1 

— 0-09 

0-64 

Capolla and Rlgol 

Ditto 


a 


+ o-or 

0*49 

y Droo. and js/^ Sagitt. 

33 Ursae M^joris 

. X 

10 08 02*06 

4S 20 

+ 0-07 

0*10 

a Drate Maj. and Rog. 

Ditto 


i 

21 

1* 

+ 0*26 

0*47 

/A Uraoa Moj. and Reg. 

Ditto 


it 

11 

— 0*02 

0*40 

y Uraoi Maj, and Reg, 

Ditto 


>’ 

11 

+ 0-40 

W.0-20 

; a Ursm Maj. and Reg. 

Ditto 


11 


+ 0*01 

E. 0 

4 UraBD Maj. and Sirius 

41 Loonls, covi.p. 

• y 

10 ]] 41*01 

69 24 

+ 0-04 

0*10 

a Urace Maj. and Rog. 

34 Ursoj Mtyorifl 

. ft. 

10 13 22*60 

47 46 

+ 0*03 

0*40 

y Drsffi Moj. and Rog. 

Ditto 


« 

M 

+ 0'20 

W.0-20 

a Ureas Maj. and Reg. 

Ditto 


M 

W 

— 0*03 

E. 0 


42 IlydiTO. . - 

• 

10 18 40-01 

100 04 

+ 0*45 

0*10 

a UrstE M«y, and Reg. 

47 Loouia. . . 

• e 

10 24 C4-46 

79 49 

— 0*13 

0*46 

By ostimation. 

53 Loonia. . . 

. i 

10 41 21-06 

78 40 

+ 0*60 

0*10 

a, Ursos Maj. and Rog. 

50 Ursm Majoria 

. a 

10 64 26-08 

27 27 

— 0*31 

0*01 

fi Ursos M^j. and Spioa 

Ditto 




— 0*48 

0*48 

y Ura. M. and /3 Oorvi 

63 Leonia. . . 

• X 

10 57 16*97* 

81 61 

+ 0*42 

2*20 

y Cep. S.P. and Spioa 

Ditto 



If 

+ 0*28 

0*10 

a Ureee Maj, and Reg. 

Ditto 


11 

li 

+ 0*07 

0*04 

Cap, and Bigol. 

Ditto 


11 

If 

+ 0*49 

0*48 

y Ura. M. and jS Oorvi 


I 



Wt. 

M. cor¬ 
rection. 

Remorka. 


Sf 


0 

0 

This transit must be 


— 0*29 

wrong. 

0 


1 

+ 0*42 

A long serios. 

3 

— 0*31 

Steady niglit. 

0 

+ 0*33 

Tho Astr. Soo, Oat, dif- 



fora by 0"*20 from that 
of 1112 atara. 

3 

+ 0*09 

Five unknown stars to- 


— 0*10 

night. 

8 

Pretty good. 

0 

+ 0*04 

Or Az, dev. E. 1"*10. 

3 

0 

Unaatiafaciory night. 

0 

+ 0.09 

G-reonwieh atara too 



cloao. 

1 

— 0*11 

Ep]^m oomputod a pivot 

2 

+ 0*04 

ofluation. 

Few ’ tranaita and irre¬ 



gular. 

S 

0 

Irregular tranaita. 

1 

+ 0*15 

Crcenwioh atara too olotu‘. 

0 

+ 0*31 

No good Groonwioh atara. 

1 

+ 0*11 

Tranaita for north not 



safo. 

0 

— 0*24 

Returned axia to illu¬ 



mined end W. 

0 

— 0*20 

Oomparod with orthodox 
roduotion, tlse only dis¬ 
cordant obsorvatiun. 

0 

+ 0*11 

No aonaible oollimation. 

3 

+ 0*11 

Trrognlar night. 

2 

+ 0*46 

Tough night. 

3 

+ 0-34 

Agrees with the orthodox 



Ditto 




190 


speotjlum: hahtwelliantjm- 


OBSERVATIONS. 


Dato. 

Starts name. 



Telescope -fflroB. 



Mean 

Clock’s 

Remarks, 


I. 

n. 

Contro. 

rv. 

V. 

Transit, 

Error. 

Dally 

rato. 




sees. 

secs. 

h. m. 8. 

secB. 

secs, 

B. 

a. 

fi. 


1838 









— 42-41 

— 0-84 


6 May 

68 Leonis, JV. A. . 


8*5 

28-1 

11 04 48-0 

8-6 

28-0 

48-22 

Rato with x Leo 8 days 
previous. Lovol W. + 
0"-13, ilium, ond W. 

8 

Ditto 


6-4 

26-0^ 

11 06 46-0 

6-0 

26-0 

46-08 

+ 16-47 

— 0-64 

Rate with Arct. tho previ¬ 
ous day. Lovel W. ond 
+ 0"-37. 

7 June 

Ditto 


- 

• 

11 06 03'7 

22-8 

42-8 

2-76 

— 27-64 

— 1-30 

Rate with Arot.8 days pro- 
viouH. Object glass do- 
feotlve. 

1869 












19 April 

Ditto 


24-0 

43-8 

11 06 03-8 

23-8 

43-8 

3-84 

— 30'61 

— 1-63 

Steady, Rate with Pollux 

3 days previous. Levol 
E, + l'^-26. 

24 April 

. Ditto 


i4>e 

34*7 

11 06 64-8 

14-4 

34-4 

64-60 

4* 20-29 

— 1-08 

Rato with Poll. 2 days pro- 
viouB, 

6 May 

Ditto 


2-0 

22-8 

11 06 42-8 

2-8 

22-9 

42-78 

+ 08-67 

— 1-10 

Rato with itself 2 days pro- 
vioua. 

1838 












G May 

12 Hydra et Orateris 







-43-16 



AT. A. 

3 

54-8 

14*0 

11 10 32*9 

1 62*0 

11-0 

82-94 

— 1-04 

Rato with Spica 3 days pre¬ 
vious. 

8 May 

Ditto 


62-8 

11*9 

11 11 30-9 

60-0 

: 9-6 

81-02 

+ 14-96 

— 1-06 

Rato with Ar(Jt. yesterday. 

1889 











19 April 

Ditto 


10-0 

29*0 

11 10 48-0 

7-3 

26-8 

48-18 

— 31-39 

— 1-61 

Lov. E. + 0"-42. Rato 
wltli /3 Cond 2 days pre¬ 
vious. 

24 „ 

Ditto 


1-0 

19-9 

11 11 89-0 

68-0 

1 

17-2 

39-02 

+ 19-48 

—1'06 

Rato with itsolf 11 days- 
after. 

6 May 

Ditto 


49-2 

8-2 

11 11 27-2 

; 46-4 

6-0 

27-32 

+ 7-88 

— 1-06 

Rato with itself 11 days 
boforo. 

1838 












3 May 

77 Loonia comp.. , 


31-0 

49-7 

11 12 08-6 

27-0 

40-0 

8-44 

— 40-06 

— 1-08 

Rato with 3 11yd, Cr. 3 
days sub. 

1889 











27 Mar. 

Ditto 


18-2 

37-0 

11 12 66*7 

14*8 

88*0 

66*64 

+ 8-78 

— 1*42 

Rato with itself next day. 

28 Mot. 
1888 

21 April 

Ditto 

15 Hydrec et Orateris 

16-8 

36-5 

11 12 64-2 

13-0 

31-6 

64-22 

+ 2*36 

— 1-42 

Rato with itaolf yesterday. 


comp . 

y 

39-2 

67-9 

11 16 17-6 

86-8 

60-3 

17-64 

— 31-40 

— 0-78 

Rato witli S Ilyd. ot Or. 
16 (lays sub. Lovol "W. 
+ l"-84. 

1889 












24 April 

84 Lconis .... 

r 

23-7 

42-3 

11 20 01-0 

19-6 

38-2 

0*96 

— 19-61 

— 1-06 

Rate with ^ llyd. et Or. 
11 days after. 

1888 











21 April 

21 Hydree et Orateris 











eoDip . 


32-4 

60-4 

11 28 09-5 

28-0 

46-6 

9*30 

— 81-27 

— 0*73 

Rate with Spioa 12 days 
after. Level W. + l"-84. 

1839 











28 Mar. 

91 Xioonis comp.. . 

V 

9-8 

27*9 

1] 28 46-5 

6-1 

23-8 

46-62 

+ 2-24 

— 1*64 

Rato with a- Loo. yesterday 
N.A. mokes oik. + 0-86 
only. 

6 May 

36 Oephei N.A. 8,P. 

y 

10-0 

81-0 

11 32 62-0 

13-0 

33-8 

61-96 

+ 8-93 

— 1*33 

Rato with itself 2 days be¬ 
fore. 

1888 











21 April 

94 Leonis A', A. . 

/a 

40-0 

69*0 

11 40 lS-6 

CO 

66-7 

18-84 

— 81-07 

— 0-77 

Rate with 2 Loo. 6 days 
previous. Lovel W. + 
l"-84. 

7 June 
1830 

Ditto 


42-4 

1-8 

11 40 21-1 

40-6 

0*1 

21-18 

— 27-84 

— 1-47 

Rate with Arot. 2 days 
after. 

17 April 

Ditto 


46-0 

6-6 

11 40 26-0 

44-0 

3-3 

24-76 

— 28-09 

— 1-66 

Rate with Beg. 7 days pre¬ 
vious, 

19 April 

Ditto 


43*0 

2-6 

11 40 21*8 

41-0 

0-2 

21-70 

— 81*14 

— 1-68 

Lovol E. + 0"-42. Rato 
with itself 2 days previous. 




ME. EPPS’s MEEEDIONAIi OB8BEVATIONS. 
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DEDUCTIONS. 


Star’s lunno. 

AB. l Jan. 1850. 

Approx. P.D. 

A 

Abt, 0, 

Daily 
Azim, 
Der. E, 

Stars oomporoil for 
dolly Azun, 

^yu 

Az. cor¬ 
rection. 


U. m. 8. 

O J 

s. 

H. 



B. 

68 Loonis .... § 

11 00 06-or 

08 SO 

+ 0*32 

0-66 

Oapolla and Sirius 

0 

— 0-36 

Ditto 

jj 

91 

+ 0*47 

0*61 

n Urs. Maj. and a® Lib 

1 

+ 0'33 

Ditto 


19 

+ 0-31 

o-sr 

m Drsoo Mm", and Spica 

0 

— 0-48 

Ditto 

19 

19 

+ 0*64 

0-46 

y Urs. M. and Oorvi 

1 

— 0-26 

Ditto 

* 11 

11 

+ 0-20 

O-Ci 

Oapolla and Rigol 

1 

+ 0*30 

Ditto 

11 

11 

+ 0-30 

0-48 

y Urs M. and Oorvi 

2 

+ 0-26 

12 Ilydnu and Oraloris 1 

11 n 60*60 

108 S8 

— 0*18 

0*66 

Oapolla and Sirius 

0 

— 0-82 

Ditto 


19 

+ 0*10 

0-Gl 

9} Urs. M, and Lib. 

0 

+ 0-D8 

Ditto 

»• 

If 

— 0-10 

0-46 

y Urs. M. and Corvi 

3 

— 0-42 

Ditto 


91 

— 0-20 

0-04 

Oapolla and Rigol 

1 

+ 0*02 

Ditto 


>1 

— 0-19 

0*48 

y Ursoo M. and Oorvi 

5 

+ 0-46 

77 Leonts . . . . r 

11 13 23-10 

83 00 

+ 0*61 

2-30 

X Draco and Spica 

0 

— 0*67 

Ditto 

11 

11 

+ 0-22 

0*45 

Brought from 26 th ins. 

2 

+ 0-32 

Ditto 


11 

+ 0-13 

0-47 

^ Ur. M. and a Loo. 

3 

0-33 

15 Uydnn and OraiorlH y 

11 17 23-12 

306 61 

+ 0-10 

0-41 

Aldob, and /J Oorvi 

3 

— 0-40 

8d Loonis .... 7* 

11 20 12-00 

86 10 

+ 0*37 

0*04 

Oapolla and Rigol 

2 

+ 0-47 

21 Hydroe.and Oratoris $ 

11 20 04-10 

06 68 

+ 0-06 

0-dl 

Aldob. and Oorvi 

2 

— 0-36 

01 Loonis «... a 

11 20 16*87 

90 00 

+ 0*26 

0*47 

ft, Urs. M. and a Leo 

3 

— 0-37 

36 Oepboi S.P. . . y 

13 33 12-60 

S.P. 13 13 

+ 1-04 

0-48 

y Urs. M. and /S Oorvi 

2 

+ 1-68 

04 Loonis , , . 

11 41 24*06 

U SB 

+ 0*08 

0*41 

Aldob. and ^ Oorvi 

0 

— 0-26 

Ditto 

If 

19 

+ 0-10 

0-87 

H Urs, M. and Spica 

2 

— 0,64 

Ditto 

If 

99 

+ 0-02 

0*60 

y Urs. M. /3 Oorvi 

2 

— 0*31 

Ditto 

If 

19 

+ 0-03 

0*46 

Ditto 

3 

0*28 


IlcmarkB. 


Axis, illuminating ond 
W. 

Again revomed axis. 


A good nightwork. 


Slurs north of zouitli no 
help. 

A good night's work. 

AgroGB witli ortliodox re- 
duotion. 


Tho only unknown star 
was y Virg. 

North stars unsafe. 

Stars north of zonlth no 
aid. 

By Bovoral coui][>arisons 
still —. 

Agroos with orthodox to- 
ductinu. 

Not renommonded. 


Nogood Groonwiuh stars. 
A voluahlo night. 

First night roduood. 


Still — by tliroe compa¬ 
risons. 

A trial night. 


(Epps') DifTors by 0*1G — 
in olook-error. 


Orthodox oonHscUon still 
moro. 

Initiatory night. 


Errors largo. 
Pew, hut good, 
Pino night. 
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spiototim: habtweIiLianum. 







OBSERVATIONS. 





Date. 

Starifl name* 




Telescope vires. 



Moan 

Olock’a 

Kcmiu-Ki* 











I. 

II. 

Oentre. 

IV. 

V. 


Error, 

Dally 

rule. 


1839 

2 May 



secs. 

aeca. 

h. m. a. 

secs. 

secs. 

a. 

B, 

a. 


94 lieonis JV'.A. 

. ^ 

26'8 

46-0 

11 41 04-0 

28*1 

42*6 

4*08 

+ 11'32 

— o-»a 

Rato with It 

aftor. 

5 May 

Ditto 


22-0 

42-0 

11 41 01-9 

20*8 

39*8 

1*30 

+ 08-50 

— 0-92 

Rato witli 3 Ik*' 

hoforo. 

24 April 

5 Yirginis comp. 

. a 

8-2 

21-9 

11 42 40-4 

50*0 

17'7 

40*44 

+ 19*04 

— 1-34 

Rato with Hir. 2 ihiya jinu 









VtUUlt. hOVfl W, 1 0"*1 1. 

16 April 

64 (Jrssa Majoria y 

63-0 

26*0 

11 44 67-0 

29*0 

1*0 

57*00 

20*40 

— 1*31 

Rato with itM>ir lu-xL ila^, 

19 April 

Ditto 


48*6 

20-8 

11 44 52-6 

24*5 

66*7 

52*02 

— 30-80 

-.Ml 

Rato with a t'«•*». 2 











provioiiH, 

24 April 

Ditto 


89'6 

11-4 

11 45 43-6 

16*8 

47-9 

43*02 

+ 20-27 

-MB 

Itttto witli a moiiri of 2 iliiyfi. 

1838 










4 


24 Not. 

Ditto 5.P. 


2V-6 

69-7 

28 45 32'0 

4*0 

36*9 

31-82 

+ 12*60 

— 1*IC 

Unto with iUolf 2 












aft**r. 

1838 

21 April 

8 Virginia comp. 

9* 

27-2 

46-7 

11 52 04-C 

23*6 

42-0 

4*64 

— 31*43 

— 0*70 

Halo with Iiimuim 1;j linyr* 
nfti'r. liovi’l W. t l"*h4. 

I8sg 











2 May 

Ditto 


13-0 

81-7 

11 62 50-2 

8*9 

27-8 

60*32 

+ 10*98 

— 0-08 

Rato with Urooyon 3 













23 March 

24 April 

9 Virginia comp. 

. 0 

27-0 

46*0 

11 67 06'0 

23*9 

42*7 

4-92 

+ 02-24 

— l-d« 

V(-ry Mindy. Itutn nub . 
I.iMj yi-Hti-nluT. 

Ditto 


44-8 

8-7 

11 67 22-G 

41*6 

0*4 

22*60 

+ 19*04 

— 1-20 

Rato with 9i VirK- 3 t\tiyn 
ul'tor. 

2 May 

69 Uraea Mojoris } 

30-8 

6*8 

12 07 40-7 

16*8 

61*0 

40*82 

+ 12*38 

— 0*03 

Ruto with It iluy^ 

afti'r. 

£ May 











Ditto 


2r-8 

2*7 

12 07 87*8 

12*8 

47*8 

37*78 

+ 00*d8 

— 0*1)8 

Rato with y tJmn* Maj, 1 1 
duya nn«vitmrt. 


28 March 

16 Virginia comp. 

. H 

7-2 

26-8 

12 11 44*4 

3-0 

21*5 

44*38 

+ 02*17 

— 1*44 

(lociil. Ral<* witlnr t)nnn. 

19 April 

27 April 

Ditto 

Ditto 


84*0 

21-6 

62-6 

39*9 

12 11 IM 

12 11 68-6 

29*6 

16*9 

48*2 

86*6 

11*08 

68*48. 

— 31*26 

+ 10*17 

1 1 

4 ihiyw pnwioim 

Unto with 1 VirK. 2 
bolon*, 

Rato with 43 Virir, U Anstk 












boforo. ^ 

19 April 

9 Corvi N'.A. 


47-0 

7-1 

12 26 67*2 

47*2 

7*6 

27*20 

--31*35 

— 3-55 

Itafo with itHrlfUilaiH pro 

24 April 

Ditto 


38-0 

58-0 

12 26 18*0 

88*1 

58*2 

18*00 

+ 10*62 

— 1*40 

vioua. 

Rato with Hiriua 2 ilavx 

1838 











proviiiuH. 

6 May 
1839 

29 Virginia comp. 

• y 

9-0 

27-6 

12 32 46*0 

4*6 

23*0 

1 40*00 

— 42*00 

— 0-87 

Rato with 112 

10 April 

Ditto 


24'0 

42-6 

12 83 01*0 

19*5 

38*0 

1*00 

— 31*35 

— 1-56 

Iin»vlouH, 

Kat«» with fi (lorvi Ij 

2 May 

Ditto 


6*3 

26-0 

12 38 43*5 

2*0 

20*7 

43*60 

+ 11*40 

-1-08 

provlouH, ^ 

Rato with itacif It riuvn 

5 Hay 

27 April 

Ditto 


3*0 

21-7 

12 83 40*3 

68*8 

17*6 

40*26 

+ 08*17 

— I-00 

aftor. 

Rato with Hiriun 2 tluyu 
provioQH. 

12 Cannm Venatici 











A.3.C. . . . 

. a 

■ • 

• • 

12 48 48'8 

12*7 

86*8 

48*80 

+ 10*88 

-1*21 

Tlii« olook with 












thon*Ht. Rftic with fm 

Sf 

j2Ma]r 

Ditto N'.A. 


• • 

• • 


• • ; 

* - 


+ 10*41 

— 1*30 

polla 3 ilftya proviinia. 

Only tliri‘o win-a olim-rvtMl, 

Ditto I/’.A. 


56-8 

19-8 

12 48 48*7 

7*7 

81*6 

I 48*72 

1 

+ 11*36 

-*1*67 

Rato with jteelf 3 rt 4 vg 
vloua. 
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*.. . 


DEDUCTIONS. 

Htar'a imiim# 

Alt. 1 Jan. 1H50. 

Approx. P.D. 

A 

Ast. a. 

Dolly 
Azlm. 
Dev. E. 

Stars compared fiir 
doily Azlm. 

Wt. 

Az. cor- 
reotioiL 

Bemarks. 



h. in. a. 

o / 

s. 

B. 



B. 


04 liOuniH « . . 


11 41 24*06 

74 36 

— 0*03 

0*60 

y UiB. M. and ^ Oorvi 

1 

+ 0*81 

Instroment Bwagged. 

Ditto 


» 

tt 

+ 0*36 

0*48 

Ditto 

8 

+ 0-80 

Agrees with orthodox re- 










dnction. 

5 Virginia . . , 


11 42 62-06* 

87 24 

— 0*21 

0*64 

Oapella and Rigel 

1 

+ 0*48 

Trouble&ome night. 

04 Unun Majoria 

y 

11 46 64*67 

36 26 

— 0*03 

0*20 

yOeph. S.P. and B 

2 

+ 0*01 

Tried several pairs of 

Ditto 






Oorvi, 



Stan 


» 

It 

+ 0-04 

0*46 

y UiB. M, and ^ Oorvi 

1 

+ 0*04 

Star of comparison. 

Ditto 


11 

It 

— 0*12 

0*64 

Oapella and Rigel 

0 

— 0-06 

Near the zenith. 

Ditto 



It 

+ 0*03 

0*12 

y Oeph. and FomaL 

1 

+ 0*01 

Tried several pairs of 










stars. 

8 Vii^inis , 0 . 

ve 

11 63 IDOO 

82 84 

— 0*26 

0*41 

Aldeb. and jS Oorvi 

2 

— 0*28 

All low stars except Fo* 










laris. 

Ditto 


» 


— 0*32 

0*60 

y Urs. M. and (i Oorvi 

0 

-t- 0-86 

Clock-error a crooked 








line. 

OVirglitlH . . , 

d 

11 67 34*13^^ 

80 27 

+ 0*06 

0-47 

fA UrB. M. and a Leo. 

2 

+ 0*81 

An interesting night. 

Ditfcct 


» 

» 

+ 0*06 

0*64 

Oapella and RigeL 

0 

+ 0-43 

A long regolar night. 

00 UraoQ Mtjoria 

S 

12 or 67-84 

82 09 

+ 0*66 

0*60 

y Ura. M. and /3 Corvi 

1 

+ 0-10 

Agrees with orthodox re¬ 
duction. 

Ditto 




+ 0*88 

0*48 

Ditto 

2 

— 0*10 

Agrees wilii orthodox re- 








dnction. 

in Virginia . . . 

ti 

12 12 12*0D 

89 60 

— 0*09 

0*47 

UiB. H. and a Leo. 

8 

+ 0*86 

A moon onlxninator. 

Ditto 



It 

— 0*02 

0*46 

y Urs. M. and 0 Oorvi. 

8 

— 0*86 

liOng night. 

Ditto 




+ 0*28 

0*81 

If Boot, and /3 Oorvi 

1 

+ 0*62 

Agrees nearly with or¬ 


It 




thodox rednotion. 

0 Corvi .... 

/3 

12 26 80*87 

112 84 

— 0 

0*46 

y XTib. M. and j3 Oorvi 

0 

— 0*47 

Star comparable to Spica. 

Ditto 


»» 


— 0*26 

0*64 

Oapella and Rigel 

1 

+ 0*66 

0ood night’s work. 

29 Virginia . . . 

y 

12 84 08*28 

90 88 

+ 0*04 

0*66 

Oapella and Sirina 

0 

— 0*68 

A short initiatory night. 

Ditto 


» 

II 

-0*11 

0*45 

y UiB. M. and jS Corvi 

1 

— 0*86 

Still—by another com¬ 
parison. 

Ditto 


it 

It 

+ 0*18 

0*60 

n Urs. M, and ^ Corvi 


+ 0*40 

Oompared with orthodox 
reduction. 

Ditto 




+ 0*08 

0*48 

Ditto 

0 

+ 0*89 

Correct, of AR by or¬ 


ti 

tt 



thodox reduct. — 0*11. 

12 Oanum Vonatic. 

a 

12 49 00*26 

60 62 

+ 0*08 

0*81 

If Boot, and 0 Oorvi 

2 

+ 0*24 

Polaris gives error of AR. 
—0*09. 

Ditto 




- 0*89 

0*81 

Ditto 

0 

+ 0*24 

This shows that the NA. 


it 

It 




elements do not suit this 










star. 

Ditto 


It 

It 

— 0*11 

0*60 

y UiB. M. and /3 Oorvi 

2 

+ 0*14 

Compared with ortho¬ 
dox reduction. 


2o 
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SPIOTJLUM HA.BTWI1LLIANUM. 






OBSERVATIONS. 





Date. 

Star’s name. 


Toleflcopo -wirefl. 



Mean 

Clock’s 

Demarks. 


I. 

n. 

Oontre. 

rv. 

V. 

TniiiftHw 

Error. 

Daily 

rate. 




socs. 

BOCH. 

li. m. a. 

sees. 

secs. 

fit 

B. 

B. 


1839 











16 AprU 

47 Virginia com^. . i 

7-5 

20*4 

12 68 46*8 

4*2 

23*1 

46*30 

— 26*93 

— 1*80 

Rato with itHclf next day. 


Ditto 







— 26*81 


By A.S.O. only.^ 

17 „ 

Ditto 

6*0 

26*0 

12 63 44-0 

8*0 

22*0 

44*00 

— 28*23 

— i*3() 

(j^uocl coincidunco, Rate 
wiUi itself proriouB day. 

19 April 

Ditto 

• • 

21*7 

12 63 40-9 

69*9 

18*8 

40*84 

— 31*27 

— 1*62 

Rato with itHoIf 2 days pro- 
viouB. 

27 „ 

Ditto 

60'7 

9*8 

12 64 28-8 

47*7 

6*7 

28*74 

+ le-ea 

-10*9 

Rato with Reg. 3 days pro* 
viouH, 

1888 











8 May 

67 VirgiuiB NJL. . a 

18-8 

87*6 

13 16 66-4 

16*6 

34*6 

66*66 

+ 14*66 

— 1*10 

Rato with itHolf previous 
day. 

1839 











19 April 

Ditto 

36-0 

66*0 

18 16 14*0 

33*1 

62*1 

14*04 

— 31*82 

—1*48 

Rato witli itself 2 days pre¬ 
vious. 

27 „ 

Ditto 

23*6 

42*7 

13 17 1*7 

20*6 

89*8 

1*58 

+ 16-19 

— 1-04 

Bad iiguro. Kate with it¬ 
self next (lay. 

11 May 

79 Virginis . ? 

66'7 

14*1 

18 26 32-7 

61*2 

10*0 

32*74 

+ 0*00 

— 1*20 

Moan of rate. 

27 April 

82 VirgiuiB cmp, . m 

60*8 

9*6 

13 88 2S'2 

47'0 

6*8 

28*28 

+ 16*98 

— 0-92 

Rato with itself 2 days 
aftor. 

20 „ 

Ditto 

49*0 

7*7 

13 83 26*4 

45*2 

4*0 

26*46 

+ 14*16 

-1-06 

Rato with itself 12 days 
aj'tor. 

11 May 

Ditto 

85'8 

64*6 

18 88 18-0 

81-7 

60*4 

18*08 

+ 1*48 

— 1*20 

Moan of rate. 

1838 











11 May 

85 UrstB Majoris JV.A. n 

20'4 

66-2 

13 41 24*2 

68*3 

22*0 

24*22 

+ 12*84 

— 1*21 

Rato with itself next day. 

80 Aug. 1 

Ditto 

241 

63*0 

18 41 21-0 

61*0 

20*0 

22*00 

+ 12*26 

— 2*04 

Vory steady. Rato of /3 
Drao. 

7 May 

8 Bootis N,A. . . *> 

37’4 

67*0 

18 47 ia-8 

36*6 

66*0 

16*74 

+ 16*13 

— 1*00 

Rato with itsolf 4 days 
aftor. 

11 May 

Ditto 

33*4 

68*0 

18 47 12-8 

32*6 

62-0 

12*74 

+ 12*12 

-0*83 

Rato with 1 Leo. 2 days 
after. 

8 June 

1880 

Ditto 

60’6 

10*6 

13 46 80-6 

60*6 

10*6 

80*60 

— 80*63 

— 1*70 

Steady. Rato with a Sorp. 
ppovlous day. 

29 April 

Ditto 

88’6 

68*2 

18 47 17-9 

87*6 

67*2 

17*88 

+ 14*11 

-1*12 

Rato witli itsolf pnivious 
day 

Rato witli ilaolf 12 days 
previous. 

11 May 

Ditto 

25-6 

46-3 

13 47 06’0 

24*8 

44*7 

6*08 

+ 1*28 

— 1*07 

18 July 

1888 

Ditto 

20-6 

40*2 

18 47 O-O 

20*0 

39*8 

0*12 

— 8*22 

— 0*10 

Clock rate uuoommonly 
stoady. 

7 May 

98 Tirginia comp^ . r 

5*0 

28*0 

13 68 42-0 

1*0 

19*6 

42*22 

+ 16*90 

— 0*62 

Rato with Arot. noxt day. 

81 9, 

Ditto 

16‘4 

41*7 

18 63 7-.0 

82*6 

67*9 

7*10 

— 19*28 

— 1*44 

Stoady, good. Rato hy it- 
Bolf 24 days provioua. 

2 June 

Ditto 

38*6 

89*0 

18 68 4'6 

30*0 

66*6 

4*60 

-21*85 

— 1*28 

Rate by itself 2 days pre¬ 
vious. 

^ »r 

Ditto 

24*4 

42*8 

18 68 1'6 

20*2 

39*0 

1*60 

— 24*84 

-1*60 

Rate by itsTilf 2 days pre¬ 
vious. 

8 Sf 

Ditto 

10*0 

87*8 

18 62 66-8 

16*0 

88*7 

66*36 

— 80*06 

— 1*80 

App, AR. comp, for 1112 
Out. Rato with itself 4 

1889 
. 11 May 

Ditto 

63*4 

120 

18 68 80-6 

49*1 

7*8 

80*68 

+ 0*66 

— 1*23 

days proviouB. 

Rate with Proor 6 days pre¬ 
vious 

1888 










81 May 

11 DraooniB comp. . a 


46*7 

IS 69 46-8 

46*0 

! 

46*6 

46*80 

— 17*79 

— 0*06 

Observed uneasily. Bate 
small Just now. 
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DEDUCTIONS. 

Ktur'A uainc. 


AU. 1 Jui. 1850, 

Approx. P.D. 

A 

AHt. 0. 

Doily 
Azim. 
Dev. E. 

Stars compared for 
daily Azlm. 

Wt 

Ax, cor¬ 
rection. 

Hemorlu. 



Ii. in, H. 

0 / 

s. 

0, 



8. 


47 Vir^^iniH . . 

1 

12 64 42'83 

78 14 

-.0'28 

0*20 

y Oeph-S.P. euid ^ Oor. 

1 

-0*13 

Ap. AB. from a mean of 










A.S.G. and Oat of 1112 

1 >ltto 
Ditto 


« 


— 0*18 

0*20 

Ditto 

8 

— 0*18 

state. 

By A.S.C. only. 



91 

— 0*02 

0*60 

y Urs. M, and, )3 Corvi. 

3 

~0-38 

A regular night 

] >Utt> 


If 

» 

—0-07 

0-46 

Ditto 

1 

— 0-29 

Tried several pairs of 

Ditto 




+ 0*11 

0*81 

n Boot and /3 Oorvi. 

8 

+ 0*62 

stars. 

An unsteady night. 

07 VirginiK . * 

. 

13 17 ]7’06 

100 22 

— 0*06 

0-61 

n Urs. AL and Lib. 

2 

+ 0*66 

Corrected for level also. 

1 >llt<) 


I* 

» 

+ 0-02 

0-46 

y Utb. M. and /3 Oorvi 

8 

+ 0*41 

A jirk between P.D. 68° 

OUtii 








and 74°. 


13 

19 

-0*11 

0*81 

*1 Boot and jS Oorvi 

1 

+ 0-72 

Tried also hy Polaris. 

rii VirKitiiB . * 

• i 

13 27 03-68 

89 60 

— 0-60 

0*20 

ff Ursee Maj. and Spica 

0 

— 0*69 

Confirmed hy orthodox 









method. 

H2 VlrglniH . . 

. m 

13 33 43-01 

07 67 

— 0*34 

0*81 

fi Boot, and /5 Oorvi 

1 

+ 0*69 

An interesting night 

DitUi 


l» 

it 

+ 0-64 

1*00 

ft Ursffi Ma|j. and Spica 

0 

+ 0*87 

One of the best nights. 

Ditto 


tt 

99 

+ 0*16 

0*20 

Ditto 

0 

+ 0*16 

Hie orthodox redaction 







gives—0*62. 

85 Umvc MnJorU 

. ft 

n 41 30'43» 

30 67 

0 

0*61 

y Diao. and Spica 

0 

+ 0*08 

Initiatoiy night, index 









star. 

Ditto 


If 

>1 

+ 0*20 

1*18 

/3 Drao. and /3 OphL 

1 

4- 0*06 

Only 6 transits to-night 

H UnotiK * , . 

ft 

18 47 82‘3(5 

70 61 

+ 0*04 

1*00 

mean and Spica 

1 

+ 0*67 

Level W. 0"*81. 

Ditto 



f» 

+ 0*00 

0*61 

ft Uiem Maj. and Spica 

2 

+ 0-34 

Level W.2"*S6. 

Ditto 



If 

+ 0*13 

1-28 

mean of 7th and 9th 

0 

— 0*70 

No low Greenwich star. 

Ditto 


11 

» 

+ 0*20 

1*00 

ft Uisffi Maj. and Spica 

2 

+ 0*67 

By Polaris did not suit 
so well. 

Ditto 


1* 

ft 

— 0*06 

0*20 

Ditto 

0 

+ 0*11 

Compared with orthodox 
reduction. 

Ditto 


11 

It 

— 0*11 

0*90 

ft Urs. M. and /3' Soorp. 

0 

— 0*61' 

Clock has become steady 

OnVIrglhlrt . . 
Ditti» 

. r 

13 64 00*88 

87 44 

J» 

+ 0*01 
-0*22 

1*00 

1*00 

mean and Spioa 
a mean 

8 

1 

+ 0*76 
— 0*76 

A troublesome night 

Only four transits. 

Ditto 


>» 

ii 

-<0*13 

0*60 

a Utssb Maj. and mean 

2 

— 0*88 

Only three transits. 

Ditto 


n 

)l 

— 0*22 

1*86 

n UiBBeMaj. and Spioa 

0 

— 1*01 

Short night. 

Ditto 


Ii 

11 

— 0*16 

1*23 

mean of 7th and 9th 

8 

1 

— 0*98 

Level W.0"*02. 

Ditto 


» 

ii 

-0*73 

0*20 

ti Urs© Maj. and Spioa 

1 

0 

+ 0*15 

Agrees nearly with or- 
Ihodox reduction. 

11 Draconie , . 

. a 

14= 00 10-07 

24 56 

-0*06 

1*00 

a mean 

8 

+ 0*66 

Plus because N. of zenith. 


2o2 
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SPECULUM HAE,rWELLIANUM. 



seca, Boca. h. m. b. sees. aeca. a. 

2TAp!a UDracoBisi^^. . a 04-8 88-7 14 0 28-0 7-2 61-2 22-88 + 10-00 

29 Ditto 52-2 86-8 14 0 20-6 4-8 49-0 20-06 + 14-64 


- 0*03 Rato willi Un. M. 3 day m 
proviouB. 

-1*10 ttoto witli itaolX 2 days x)ro-* 

viouBo 


1610 Virginifl P. 

coni2> . 


16 Bootis N,A. . 


8 „ 

Ditto 

7 June 

Ditto 

8 „ 

Ditto 

28 Sept. 

Ditto 

1889 


27 April 

Ditto 

29 „ 

Ditto 

11 May 

Ditto 

0 July 

Ditto 

18 

Ditto 

1838 


TMay 

100 Virginis comp. , X 

8 „ 

Ditto 

1839 


27Apra 

Ditto 


28 Sept. 

1889 

29 April 


20 April 
18 July 


1889 
20 April 


2 Librse cowp. 

27 Bootis c(myp, . 

86 Bootis K, A ., 
Ditto 


9 Libr© Nf, A, . 
Ditto 

20 Libre comp, , 
Ditto 

42 Bootis amjp^ 


. 69*0 18*2 14 1 87-4 66-6 16’4 


a 66-8 16*0 14 8 84*7 64-4 14*1 

64*0 14-0 14 8 84*0 53-9 14*0 

11-6 31*3 14 7 61-1 10-8 80-6 

10-0 29*6 14 7 49-2 9-0 28-6 

46-6 6*4 14 8 ■26*2 46-0 6*8 


69-0 18*7 14 8 88*4 68-2 18-0 

66*6 16*2 14 8 80-0 66-8 16*7 

43-2 3*0 14 8 23-0 43-0 2*8 

89*8 69*4 14 8 19*1 30'O 68*9 

89*0 68*6 14 8 18-4 88*0 68*0 

. X 1-0 20*0 14 10 80-0 68-0 17*0 

0 19-0 14 10 88-0 67*0 16-9 

6*0 24-0 14 10 48-0 2*0 21*0 

42-0 1*0 14 14 20-0 39*0 68*0 

. y 48-0 12-0 14 26 86-0 0 28*8 

. € 48-0 9*0 14 87 29*8 60*7 11'8 

22*8 48*8 14 88 4-8 26*8 46*8 

82*6 68*6 14 38 14*5 86*5 66*6 

16*8 86*8 14 87 67*8 18*8 89*8 

. a? 86-6 56-8 14 42 16*0 84-6 63*6 

19*7 89*0 14 41 68*0 17*1 86*2 

, y 12*8 83*3 14 64 63*6 13*8 84*0 

14*8 86*8 14 64 56*0 16*6 87*2 

. /3 8*0 27*7 14 56 52*1 17*0 41*8 


— 24*26 —1*38 R»ato with Spioa 3 dayH 

aftor, Tht^ foouH not giw* * 

^ 16*01 . . Clock jiiHt put forward. 

+ 16-28 — 0*73 l^to with itHolf yoHtorduy- 

_27*60 —1*-13 Itato with itmOf fliuoc May* 

_29*42 —1*82 Itttto with itaolf ycwtcjrday * 

+ 8*76 —2*19 Rato with itflolf 6 days i»ro- 

viouB. 

+ —1-17 Rato with 3 Loo. 3 daya 

proviouH. 

+ 14*32 —1*22 Itttto with itHtdf 2 dayn 

viouH. 

4. 1*24 —1*09 Httto witli itHplf 32 duyw 

provioufl, 

_ 2*20 —0*12 Ciock uncommonly Btcwly. 

Italo witli Itsoif lU duya 
proviouM. 

— 2*90 —0*07 Rato wiLli Itaolf 18 rlrtya 

proviuuH* 

+ 16-52 —1*03 Httto with itaoif next day. 

4. 14*49 — 0*91 Httto with S ticorp. 2 dnyn 

after* 

4. 10*00 — 3 *21 Httto witll Itfltdf uoxt day. 


— 24*30 —1*86 Bad fooufl. Itttto witU f\ 

Jiihre 3 days aftor. 

—< 2*31 —0*11 Clock rate Hmall^ witli rf 

Cyg. 

— 27*27 —1'06 Httto with itself 2 clnya 

hofore. 

4 . 9*00 —0*97 Stottdy. Rato with y A<iul 
proviuuH day. 

4 . 14*50 —1*29 itttto with itflolf proviouw 
day. 

— 2*06 —0*04 Olook steady. Rato with 

itself 4 days proviouB* 

+ 18*52 —1*10 Httto with itaoif provluua 
day, 

— 8*50 —0*09 Itttto with/i*'Raglt. IJi clay 

before. Olook veiyaUarvcly. 

•H 14*77 — 0*76 This is also oallod y Rcsc>r|r» 1 
Itttto with X Virg. 1 day 
proviouB. 

+ 13*50 —1*03 Rato with Itself pravioust 
day. 

— 2*66 —0*08 Small rate with a Oy||:ni 

14 days previous. 
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DEDUCTIONS. 


.SlAr '0 Dfime. 


Alt. t Jon. I860. 

Approx. P.D. 

A 

AatO. 

Dally 
A£lm. 
Dev. E. 

Stars compared Ibr 
daily X^TTi. 

Wt. 

Az. cor- 
reotioa. 

Bemarka. 



h. m. s. 

0 / 

B. 

B. 



a. 


11 DrwonlH . . . 

ti 

U 00 ou< 

24 63 

— 0*49 

0*81 

n Boot, and )3 Oorvi 

0 

— 0‘iB 

Not safe N. of zenith. 

Ditto 


fi 

It 

— 0*40 

1*00 

If Ura. Haj. and Spioa 

0 

— 0*68 

Minna beoanse N. of ze> 










nith. 

1010 VIiKiniH l\ 317 


14 02 38'81 

106 85 

+ 0*66 

1*85 

tf TTn. and Spioa 

1 

— 1*80 

Very abort night. 

10 DooUr . . » . 

a 

14 08 48-91 

ro 02 

— 0'06 

1-00 

Mean and Spica 

8 

+ 0-66 

Only two nnlmown staia. 

Ditto 




4 - 0*38 

0*61 

It TJr. Maj. and Lib. 

8 

+ 0-35 

Leyd W. 0"-87. 

Ditto 


M 

tt 

+ 0*41 

0*87 

If Ura. Maj. and Spica 

1 

— 0*49 

Tolerable night. 

Ditto 


J> 

if 

+ 0-27 

1*28 

Mean of 7th and 9th 

0 

— 0*69 

Stora irregnkr. 

Dittt> 


9> 

II 

+ 0*20 

1-80 

Mean and i Aqni. 

3 

+ 0*78 

Leyol W. + 0"-64. 

Ditto 



It 

+ 0*23 

0*81 

It Boot, and j3 Com 

8 

+ 0*46 

An important night. 

Ditto 


•> 

It 

+ 0*42 

1*00 

If UiB. Maj. and Spica 

2 

+ 0*66 

A long aeries. 

Ditto 


>f 

It 

— 0'07 

0-20 

Ditto 

8 

+ 0-11 

Agrees nearly with the 










orthodox reduction. 

Ditto 


» 

It 

— 0-01 

0-40 

y Drao. and a, Ophin. 

1 

-- 0*22 

Level E. + 0"-80. 

Ditto 


fl 

It 

+ 0*12 

0*90 

1 } Ur.Miy.and/S'Soorp. 

2 

— 0*60 

Olook steady at last. 

lOOVlrglnlR. . . 

X 

U 10 C9‘82 

102 41 

— 0-17 

1-00 

Mean and Spioa 

2 

+ 0*93 

A moon onlminator. 

Ditto 


if 

It 

^ 0*20 

0*61 

n Ur. Maj. and Lib. 

2 

+ 0*56 

A troublesome night. 

Ditto 


tf 

if 

+ 0-26 

0*81 

If Boot, and Oorvi 

2 

+ 0*73 


2 lilbnu . 0 . . 

• 

14 16 20*86 

101 01 

+ 0-44 

1*85 

n Ura. Msj. and Spioa 

8 

— 1*22 

Lev^ W. + 0"'26. 

27TJootlB* . 0 . 

y 

14 26 02*26 

51 08 

+ 0*24 

0*40 

ly Drao. and a Ophin. 

3 

— 0*12 

Few tranaits, but regular. 

30 Bootln , . * » 

1 

14 88 26*70 

62 10 

+ 0*62 

0*87 

f) Ura. Msy. and Spioa 

1 

— 0*40 

A good series. 

Ditto 


if 

It 

+ 0-66 

1*80 

ti Ur. Maj. and ^ Aqni. 

2 

+ 0*60 

Nearly all Qxeenw. stars. 

Ditto 


9» 

II 

+ 0*68 

1*00 

tf Uis. M^. and Spioa 

0 

+ 0*46 

A good night's work. 

Ditto 


>» 

II 

+ 0*86 

0*40 

Ditto 

2 

— 0*18 

A steady night 

9 Ubm . . . 


14 42 86*40 

106 25 

+ 0*08 

1*00 

If Ura. Maj and Spica 

3 

+ 0*95 

A aatisfactozy night. 

Ditto 


ti 

It 

— 0*08 

0*90 

ii Ur, Maj. and fi' Soorp. 

8 

— 0*86 

Good trans. S. of zenith* 

20 DibrtD • • • 

y 

14 66 17*96 

114 41 

+ 0*20 

0*61 

t,Ur.Mflj.anda*Lib, 

2 

+ 0*65 

A tolerable series. 

Ditto 


ft 

»i 

+ 0*16 

1*00 

If Ur. Maj. and Spioa 

8 

+ 1*07 

The dock getting tron- 
blesome. 

42 Bootle * * « * 


U 56 17*44 

49 02 

+ 0*18 

0*00 

n Ur.Maj.andiS'Soorp. 

. 2 

-0*23 

Clock rate steady 
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OBSEUVATIONS. 







Telescope -ffires, 







Date. 

Star's name. 







Mean 

CIOGK'S 

UomarkH. 


I. 

n. 

Oentre. 

IV. 

V, 

‘Dranslt. 

Error, 

Dolly 

rote. 




1838 

7 June 



secs. 

secs. 

li. m. s. 

secs. 

secs. 

8. 

a. 

8, 


27 libra N.A.. . 

/a 

1 14-0 

1 

S3’0 

16 7 61*8 

10-6 

29-6 

61-78 

— 28-48 

-1*44 

liatu with Spioa ilio ni^xt 
clay. 

1889 

29 April 

Ditto 


69-4 

18-2 

16 8 87-0 

66-8 

14-6 

36-98 

+ 13-44 

— l-Ol) 

Hatc^ with 20 liiltrat 1 ctriy 
hofurc'. 

4 July 

Ditto 


48-0 

2-0 

16 8 21*0 

40-9 

68-9 

20*90 

— 2-82 

— 0-06 

Jiolo with itHoli' 3 cluyfl i»w*- 
viouH. 

16 „ 

Ditto 


48-0 

1*7 

16 8 20*6 

89-0 

67*8 

20*40 

— 8-33 

— 0'06 

llato with itHC‘lf 11 clfiyfl 
huforu. 

18- „ 

Ditto 


• • 

1-0 

16 8 20*0 

89-0 

• • 

20*00 

— 3-71 

— 0'13 

llato with itsolf *1 clayn pii»- 

VIOUN, 

1838 

28 Sept, 

Corona Borealis N, A . 

a 

18-0 

38-6 

15 27 69-6 

20-6 

41-3 

6o-eo 

+ 8-76 

-3*31 

Uato with y Ac(ul, prrtvloiw 

29 Oot. 

Ditto 


8*0 

29-0 

16 27 49-9 

10-8 

81-7 

40*88 

— 0-72 

-1*20 

Jtalu with y J clayn 

proviouii. 

1839 

16 July 

Ditto 


10’8 

• • 

16 27 62'0 

13-0 

• • 

62*00 

— 2*86 

— 0*36 

Kate' with itHolf 3 tlayn i»n‘- 
viouH. 

18 „ 

Ditto 


lO’O 

31*0 

16 27 62*0 

18-0 

34-0 

62*00 

— 2-82 

— 0-01 

Halo wltli itKi*lf 3 tlaya prt*- 












ViOUH. 

29 April 

ZiibrsQ comj9. . . . 

X 

22-2 

42-6 

15 81 2-8 

28*0 

48*2 

2*74 

+ 13-6U 

>-0*84 

Hato wltli 20 Dih, proviciUH 
flay. 

1688 











7 June 

Serpentis N,An . . 

a 

14-0 

88-0 

16 86 61*8 

10-0 

29*0 

61*66 

— 28*36 

— 1*68 

Halo with 2 ilaya 











hoforo. 

1839 

29 April 

Ditto 


59’3 

18-0 

16 86 30-6 

66-2 

14*0 

36*00 

+ 1379 

— 1*42 

Uato with a Vlrg. 2 tUyn 

pWVifUlH. 

15 July 

Ditto 


42*6 

1*2 

16 36 19-9 

88*7 

67*6 

1 

30-98 

— 3*11 

— 0*06 

With largo p»iwor No 4. 
Uato with iiicolf 3 duya 
aftor. 

18 „ 

Ditto 


. , 

1*0 

16 86 19*8 

38*6 


10*80 

-- 3*27 

— 0*06 

Uato with ItHolf 3 claya 












vioufl. 

29 April 

7 Soorpii comp. 

3 

26*6 

46*6 

16 61 6-7 

26-6 

46*9 

6*04 

+ 13*73 

— 3*14 

Uato with X Vtrg. 2 dayn 
provioiui. 

18 July 

8 Sooipil N.A, . 

A' 

26*2 

46-0 

16 66 4-6 

24-2 

44*0 

4*60 

— 3‘61 

— 0*00 

Wind hoiifloi'tma. liato hy , 
jS Lil). 3 dayn tiravloui. 

18 „ 

1 Ophiuohi i7.A. . 


17*0 

85*6 

16 6 64-2 

12-8 

81*3 

64*18 

— 3*40 

— 0*06 

Hato witli Ml). 3 dayn i 

1888 











proviuue. 

7 June 

20 Sooipii comp. 

O’ 

14’7 

S6’0 

16 10 66*4 

16-0 

36-1 

55*44 

— 28*44 

— 1*70 

Cloudy, Uato by 
following day« 

7 June 

21 Soorpii N.A, 

a 

22*0 

42-8 

16 19 8’6 

24*8 

46-0 

8*64 

— 28-30 

— 3*03 

Kate hy $ Ophl. ftdLowlng 












day. 

11 May 

23 Sooipii comp. 

T 

20-0 

41*0 

16 26 2*0 

28-0 

44-6 

2-10 

+ 11-18 

— 1*62 

Uato hy itaolf 26 doy* 

7 June 

Ditto 


41-0 

2-0 

16 25 28*0 

44-0 

6-0 

28*00 

— 28-83 

— 1*90 

after. 

Rato hy f Ophl, tho follow¬ 
ing day. 

11 May 

26 Soorpii comp. P. 170 

* • 

60-0 

16 87 11*0 

81*0 

61-0 

10-67 

+ 11-14 

— 1*68 

Rate with i Ophi. 27 day^ 












aftor. 

8 June 

42 Ophiuohi comp, . 


66*6 

16’0 

17 11 80-4 

67-0 

17-6 

86-60 

- 30*28 

— 1-93 

Rato by Antarea prevlouH 












day. 

28 Sept. 

28 Draoonia , 

A 

64*8 

26-2 

17 26 66*8 

26-8 

66-7 

66*76 

+ 8*47 

— 2*81 

Rato by a (loph. 2 days 












after. 
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DEDUCTIONS. 

Star's nomo. 

An. I Jon, I860. 

Approx. r.D. 

A 

Aflt 0. 

Dolly 
Azlin. 
Dor. E. 

Stars comparod for 
dolly AeIih, 

Wt. 

Az. cor¬ 
rection. 

ncmarEs. 



li. m. B. 

0 / 

B. 

8. 



a. 


27 labroB . . . 

/3 

16 08 60-36 

08 46 

— 0*14 

0*87 

ti Ura. Idai. and Spica 

1 

— 0-77 

Few unknown atara. 

Ditto 


» 

ft 

— 0-00 

1*00 

t) Ura. Moj. and Spica 

1 

+ 0*88 

LoyoI nearly correct. 

Ditto 


11 

11 

— 0*17 

0*63 

a Oyg. and a® Oopr. 

0 

— 0*66 

Somo Btars wild to-night. 

Ditto 


» 

>» 

— 0-03 

0-40 

y Drao. and Sagitt. 

8 

— 0-43 

Snro of tlio doyiation. 

Ditto 


»» 

it 

— 0*30 

0-90 

n Ur. Maj, and (3/ Soorp. 

0 

— 0-80 

GK)od only S. of zenith. 

Corona Boroolis . 

a 

15 28 10*02 

62 47 

+ 0*80 

1*30 

ti Ur. Maj. and S A^xui. 

3 

+ 0-61 

Loyel W. + (^64. 

Ditto 


»* 

fi 

+ 0*61 

1*28 

a Cyg. and a® Oaprlo. 

1 

— 0-60 

A good range of atara. 

Ditto 


if 


+ 0*24 

0-40 

y Drao. and fi Sagitt. 

2 

— 0-23 

Safe in the doviation. 

Ditto 


» 

»i 

+ 0*10 

0-90 

ti Ur. Ma. and (i' Scorp. 


— 0-42 

Clock rate all but per¬ 
fect. 

LibrsQ .... 

X 

16 31 24-00 

113 10 

+ 0-36 

1*00 

tf Ura. Maj. and Spica 

2 

+ 1-06 

Level same as yesterday, 
nearly curreot. 

Sorpontis . . . 

a 

16 36 62*02 

83 00 

-0-33 

0-87 

tj Ura. Maj. and Spica 

1 

-0*02 

Moridian mark atoa^ly. 

Ditto 


if 

ft 

+ 0*12 

1-00 

Ditto 

2 

+ 0-71 

Tromulona. 

Ditto 


if 

it 

+ 0-11 

0-49 

y Drao. and ^ Sagitt. 

3 

— 0-86 

Gk)od Boriofl of transits* 

Ditto 


if 

it 

— 0-08 

0-90 

fi Ur. Maj, and pf Soorp. 

3 

— 0*64 

Gk)od trans. S« of zonltli. 

7 Soorpii ♦ * 

. S 

16 61 28‘84 

112 11 

+ 0-40 

1-00 

fi Ura. Mi^. and Spica 

: 1 

-hl‘04 

Tho suggested errors 
bold. 

8 Soorpii , . , 

- 

16 66 13-37 

109 23 

+ 0-03 

0-00 

fi Ur. McJ. and a® Lib. 

I 2 

— 0-00 

Good niglit S. of zonith. 

1 Ophinolii . . 


16 06 20-08 

68 18 

— 0-16 

0-60 

ti Ur. Maj. and /3^ Scorp, 

3 

1 

— 0-74 

Safo S. of zenith. 

20 Soorpii . . 

. <r 

16 12 01-68 

116 14 

+ 0-11 

0-87 

ti Ura. Maj. and Spioa 

1 

— 0*03 

Too groat a proportion of 
low stars. 

21 Soorpii 

. a 

16 20 13*21 

116 06 

+ 0-27 

0-87 

ti Ura. Maj, and Spioa 

1 

— 0-96 

Meridian marks steady. 

23 Soorpii . . 

. r 

16 26 88*18 

117 64 

— 0-32 

0-61 

91 Ura. Maj. and Spica 

2 

+ 0-60 

Level nnnsiialJy out. 

Ditto 


if 

if 

+ 0-27 

0*87 

Ditto 

8 

— 0*97 : 

Meridian marks steady. 

26 Soorpii . P. 

170 

16 87 41*13 

116 16 

— 0-47 

0-61 

91 Ura, Maj. and Spioa 

8 

+ 0-64 

An initiatory night 

42 Ophiuolii 

. 6 

17 12 47*98 

114 62 

+ 0-27 

1*28 

Mean of 7th and 6th 

2 

— 1*82 

No low Green w^ star. 

23 Draoonis , . < 

. 

17 27 02*89 

87 36 

— 0-42 

1*80 

ti Ur. Maj . and 3 Aqui, 

0 

— 0-03 

Nearly oil Greenw. atavs 
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SPBOUniMl HAJaiWlIilIAJ^TIM. 


OBBEBYATIom 




1 


Telescope vlrea. 







Date. 

Stax’s name. 







Moan 

Olock’B 1 

Itomorka. 


I. 

n. 

Centre. 

XV. 

V. 

Transit. 

Error. 

Dally 

rate. 




1839 

6 July 



secs. 

BOOS. 

li. m. s. 

secs. 

secs. 

B. 

B. 

s. 


60 OphiuoM comp. . 

/3 

64*2 

IS'O 

17 86 81-8 

60-0 

9-4 

81-80 

^ 2-28 

— 0-12 

Rato with a, Sorp. 7 days 
after. 

1838 

11 Msj 

8 Sagittarii comp, , 

V 

64-0 

16*0 

17 87 36*0 

67-0 

18-0 

86-00 

+ n-81 

— 0-82 

Pretty steady. Rato with 
AntoroB the day before. 

8 June 

Ditto 


12-0 

38-0 

17 86 64-4 

16*6 

86'0 

64*86 

— 80-46 

— 2-16 

Itato by Anturus previous 
day. 

11 May 

83 Drao. W.A.. . 

y 

6*6 

85-0 

17 68 6-0 

36-0 

4-7 

6-04 

+ 12-08 

— 1-02 

Zen. time. Rato by OapeUa, 

81 Aug. 

Ditto 


2-7 

82-6 

17 68 2-6 

32*6 

2-3 

2*64 

+ 9-06 

—1*04 

Rato by /3 Drao, provious 
day. 

1830 

6 July 

13 Sagittarii N. A., 


20-6 

49'6 

18 04 . . 

29-6 

40-6 

9*60 

— 2-32 

+ 0-00 

AsRumod. Rato with c? 
Lib. 4 days boforo. 

1888 

8 Juno 

10 Sagittarii comp. . 


27-0 

48-8 

18 10 0-8 

81-2 

62-7 

9*80 

— 80-64 

— 2-24 

Rato by AntoroH previous 
day. 

27 Sept. 

3 Lyne JV. A. , , 

a 



18 81 89-5 

3-2 

27-0 

80-47 

+ 10-87 

-2*12 

Rato witli a Oor. noxt day. 

26 Nov. 

Ditto 


• • 

l6'9 

18 31 89-6 

8*4 

27*0 

39-68 

+ 12*10 

-1*17 

Oloor and steady. Rato 
widi itself noxt day. 

26 „ 

Ditto 


60*0 

14-7 

18 81 88-8 

2*1 

20-0 

88*40 

—10*09 

-1*17 

Oloor and stoady. Itato of 






Fumol. 8 days after. 

1880 

16 July 

Ditto 


41-3 

6-0 

18 81 29-0 

62-6 

17-0 

28*06 

— 8-06 

-^0*17 

Rato with Oapolla 3 days 
provious. 

1888 

8 June 

27 Sagittarii cmp. . 


22*7 

48'6 

18 36 4-8 

26-0 

40-0 

4*82 

— 30-69 

— 2-20 

Rato by Antaros previous 
doy. 

27 Sept. 

Ditto 



24-4 

18 86 46'1 

6-8 

26'6 

46-10 

+ 10-28 

— 2-44 

Tromnlous. liato with o 










Aqui, noxt day. 

8 Oot. 

10 Lyrse N.A.. . 


• * 

• - ' 

18 44 4-8 

27-0 

49-0 

4-72 

— 2*86 

— 2-08 

Rato witli y A<j[ui. 8 days 
beforo. 

SO Aug. 

84 Sagittarii caU. . 

fl* 

45*6 

6-5 

18 46 27-2 

48-0 

8*8 

27*22 

+ 10*81 

-1-76 

Ilorizon thick. Rato wltli 








/3 Ophxu. 10 days provious. 

81 „ 

Ditto 


43-0 

8-8 

18 46 24-7 

45-6 

6-4 

24*08 

+ 8-20 

— 2-62 

Bad Ogure. Rato with it¬ 










self previous day. 

27 Sept, 

Ditto 


44-0 

6-0 

18 46 26-8 

46*6 

7-2 

26*70 

+ 9-78 

--2-28 

Vory tram*. Roto with 
y Oapr. 8 days after. 

27 Sept. 

14 Lyrffi c(Uc. . . 

y 


48-6 

18 68 6-6 

27*8 

60*0 

6*66 

+ 10-19 

—2*17 

Rato with Lyrffi 6 days 










after. 

26 Oot. 

Ditto 


16-6 

87-4 

18 62 60-5 

21*6 

48*6 

69-64 

+ 6-80 

— 2-29 

Oomp. by 1112 Cot, Roto 
with y Cyg, 2 days beforo. 

80 Aug. 

40 Sagittarii caU. . 

T 

21*4 

42-2 

18 67 8-2 

24-6 

46-7 

8*40 

+ 10-66 

— 2-89 

Faint. Itato with itself 
next day. 

81 „ 

Ditto 


19*0 

40-0 

18 67 1-0 

22-0 

48*0 

, 1*00 

+ 8*16 

— 1-91 

Giood coinoldonoo. Rate 
with Sagitt. 8 days 

after. 

27 Sept. 

17 Aq^uflffiN-. . 

1 

82-0 

61-0 

18 68 10-2 

29*8 


10-00 

+ 10-12 

-2*16 

Rate with jS Lyrso 6 days 










after. 

26 Oot. 

Ditto' 


26-9 

46-0 

18 68 4-2 

28-4 

42-6 

4-22 

+ 4*64 

— 2*08 

Rato with a Aqui, 2 days 












beforo. 

1880 

4 July 

Ditto 


22-9 

42-0 

18 68 1-0 

20*0 

80-1 

1-00 

— 2-68 

+ 0-01 

Rate with 3 Aq.uL the pre¬ 
vious day. 
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DEDUCTIONS. 

St^s nomo. 


Alt. 1 Jan. 1850. 

Approx. P J). 

A 

Daily 

Stars compnrod for 

Wt. 

Az, cor- 

Itomorhs. 





Aiit. G. 

Do 7. Ji. 

dolly Axim, 

rectlou. 



li. m» s. 

O i 

s. 

fi. 



B. 


60 Ophiuohi . . 

. /a 

17 36 03*02 

85 22 

+ 0-20 

0-40 

y Drao. and a Ophiu, 

2 

--0*20 

Tolorablo night. 

3 Sogittorii . . 

• P 

17 38 00*86 

117 40 

+ 0*26 

0-01 

n Drs. and Spioa 

2 

+ 0*80 

Irregular sorios. 

Ditto 



11 

+ 0*10 

1*23 

Moan of 7tli and 9tli 

2 

— 1-86 

No low Groonwioh star. 

33 DraooniB . . 

• y 

17 C3 07*16 

38 29 

— 0*18 

0*61 

u Urs. Maj. and Spica 

0 

0 

Too near tho zenith. 

Ditto 



IV 

+ 0-17 

1*86 

Drao, and f& Sagitt. 

0 

0 

A zenith star. 

18 Sagitturii . . 

/ 

. fA 

18 04 47*28 

111 08 

+ 0*33 

0*40 

y Drao, and a Opliiu. 

0 

— 0*40 

Tolerahlo. This star 









agrees host with t Boot. 

10 Sagittorii . . 

. 3 

18 11 23'13 

lie 64 

+ 0*00 

1*23 

Moan of 7th and 9th 

3 

- 1*40 

Tronhlosomo night, 

3 hyrca . . . 

. a 

18 31 60*07 

61 2i 

+ 0-21 

M8 

Moan, stars too oloso 

1 

+ 0-36 

Ghroonw. stars too close. 

Ditto 


ts 

II 

+ 0*32 

0*60 

a Oyg. and Fomal. 

0 

+ 0-16 

Short but good night 

Ditto 


11 

VI 

+ 0*33 

0*31 

y Drao. and Fomal. 

1 

+ 0-09 

Transits irregular. 

Ditto 


fj 

II 

— 0*03 

0-41) 

y Drao, and vi Sagitt. 

3 

— 0*15 

No porcoptiblo oollhna- 









tion error. 

27 Sogittorii . . 

, 6 

18 36 17*30 

117 08 

+ 0-01 

1*23 

Moon of 7th and 9th 

1 

- 1-36 

Tried sovoral stars for 










deviation in Azlm. 

Ditto 


11 

II 

+ 0*30 

1*18 

Mean« stars too oloso 

1 

+ l-3() 

Gheeuw. stars too oloso. 

10 Lyras , . . 

• i3 

18 44 82*01 

66 40 

— 0*03 

1*00 

a Lyrso and moan 

2 

— 0-38 

Tho Groonwich stars too 









nour ooch other in P.D. 
this night. 


84 Soglttarii . . 

0* 

18 46 67*73 

116 26 

+ 0*82 

MS 

/3 Drao. and /3 Ophin. 

3 

+ 1-20 

Very fow stars obaorvod, 
cloudy. No poroopUblo 










error of coUimatlon. 

Ditto 


it 

11 

+ 0*04 

1*30 

)3 Drao. and fif Sa^tt. 

3 

+ 1-48 

Lovol was apx)liod. 

Ditto 


ti 

IV 

+ 0*03 

1*18 

((Lyrse and mean 

1 

+ 1-29 

Lovel error W. + 0*67. 

14 Lyras . . . 

• y 

18 63 10-34 

67 31 

— 0*82 

M8 

Moan of 27th and 28th 

0 

+ 0-47 

Stars tromulons. 







inat. 




Ditto 


IV 

1} 

+ 1*22 

1*26 

a Aqui and moan 

0 

+ 0-60 

Epps mado tho Azlm. 









dev. 1"'36, but does not 
say how. 


40 Sagittorli calc. 

. r 

18 61 84-12 

117 68 

+ 0*14 

1*18 

jS Drao. and Ophin. 

8 

+ 1-28 

Returned tho Axis. 

Ditto 



If 

— 0*06 

1*86 

Drao. and /a Sagit. 

2 

+ 1-61 

Ohongoablo night. 

17 AquilsQ* . . 

■ f 

18 68 80*44 

76 21 

, — 0*10 

1*18 

a Aqui. and ^ Aqni. 

8 

+ 0-76 

Azim. dov. difficult. 







baWoed. 

*2 



Ditto 


If 

» 

' + 0*14 

1*26 

a Aqui. and mean 

+ 0-79 

Tried several oye-pioooe. 

Ditto 


If 

IV 

— 0*12 

0*63 

a Oyg. and Oapiio. 

2 

— 0-40 

OoUimation too little to 









oorroot for. 


2d 




SPEOULUM HAETWELLIANTJM 


OBSEEYATIONS. 


Telescope wires. 


Centre. IV. V. 


1888 

31 Aug. 67 Draconis 


5 4-8 


1888 

31 Ang 80 Aqnilffi iV. A, 


3 64*3 


27 S^t. 62 ISagittarii caU, . 22*5 


27 Sept. 60 Aqtdlffi N.A. . y 8‘0 


19 12 41*4 29*8 18*0 


19 12 88*6 27*0 16*0 
19 12 33*7 22-0 10-6 


19 12 80*2 19*0 7-0 


19 17 31-6 60-0 8*6 

19 17 20-2 44*8 8*6 


19 27 8-6 24-0 44-6 


19 88 40-O 4-9 28*9 


19 88 48-8 . . 21*0 
19 88 39-2 68*0 17*0 


19 88 40*0 69-0 17*8 


19 38 45*3 4-3 23*0 


+ 9*81 —1*00 


+ 9*10 —2*02 

+ 6*88 —2*20 


— 2*82 —0*14 


+ 8*97 —2*06 
+ 4*40 —2*24 


+ 9*71 —2*21 


+ 10*06 —2*16 


+ 7*72 —2*34 
+ 3*37 —2*18 


+ 4*60 — 2*26 


Alt. iVtmi 1112 Cat. Uat(^ 
with y Dnicanln 3 daya 
aftor. 

Very troiiujlotiB. Itatowith 
a <J<‘ph. 2 dayrt nflor. 

Itatn with y J)mu« 4 daya 
afti'r, 

llato with f/ Uw, MnJ. 9 
dayn aftta*. 

Hato with { Aqtd, H day» 
lic’fonu 

Itnto witli iUiclf 6 days he- 
Toro. 

Uut« witli (A Hagiltar. 7 
(laya biifuri*. 

Itato w*llh itatdf 6 daya ht*- 
ftiro. 

Olnudy* Italic with itaitlf 
ywterday, 

[tnla with itnolf 2 daya he- 

ftiro. 

Rato with itmdf 6 daya ho- 
foro. 


+ 10*29 —1*13 Rato with Itaclfyoatorday. 


1888 

31 Aug. 68 AqnilfiB N. A, 


80 Sept. 


a 20*7 


1838 

81 Ang. 60 Aquilse N, A. 


^ 66*0 


19 88 30*2 . . 14*0 


19 48 4*8 23*1 42*0 

19 43 6*0 24*0 42*8 

19 48 8*0 . . 40*7 

19 42 68*8 17*0 86*4 

19 43 3*0 22*8 41*2 

19 48 6*8 24*6 48*1 

19 43 4*7 23*6 42*2 


19 42 66*6 16*0 33*0 


19 47 82*8 61*4 10*2 

19 47 82*0 60*8 0*6 

19 47 27*9 46*6 6*2 


19 47 24*0 43*0 2*0 


— 3*10 —0*02 Itato with fi Llhrw 11 daya 

alter. 

+ 8*78 —2*10 Itato with/3 Ophiu. 8 day* 
after. 

+ 9*77 — 2*20 Hato with itaolf 6 daya ho- 

foro. 

+ 7*74 —2*03 Cloudy. Itato with lUolf 

yoatorday. 

+ 3*63 —2*20 Cloudy, Uato with it»ndf 

2 daya hoforo. 

+ 8*80 —2*28 Cloudy. Rate with itaidf 

4 daya provloiii, 

+ 11*20 —1*07 Steady, liato with Itaolf 

iioxt ilay. 

+ 10*22 —1*08 Rato with lUolf 12 daya 
uftor. 

— 2*06 + 0*08 Rato with ft Ophiu, next 

day. 

+ 8*69 —2*16 liato with /3 Onhlu. 3 daya 
after. 

+ 8*00 -.2*30 Cloudy. Itato with itaolf 

4 daya hoforo. 

+ 4*40 —2'10 Rato witli itaolf 2 daya bo- 
foro. 

— 3 01 + 0*73 1 Rate with fi Ophiu. next 
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s 


DEDUCTIONS. 


Star*u nrnno* 


All. I Jan. 1860. Approx. P.D. ^ 
Aat. 0. 


Az.cor- EemarkB. 

aauy A sl m . rectton. 


57 Dropouia . 


19 12 29-60 


22 36 I •~0'82 


^ Drao. and Sag. 8 — 0*96 Level error E. 0*97. 


^ Drao. and ^ Aqui. 
a Aqni. and mean. 


S — 0*97 The only nnlmowiL star 
to-night 

8 — 0*88 Observed Encke'a comet 

also. 


a Qyg. and a Oapric. 8 + 0*44 Shifted the aads E. to W. 


30 AquUiu 


19 17 65-40 


87 11 + 0-81 


/3 Drao. and ^ Sagitt. 1 + 1*02 Observed 82 Urs. Min. 
a Aqni. and mean. 1 + 0*94 Reg^nlated chronometers. 


62 Bogittarli , 


6(1 Aqailu . 


63 Aqulloc . 


19 27 34-13 


19 39 07*67 


19 43 27-67* 


116 13 + 0*00 


70 46 —0-07 


81 82 + 0-03 


Mean of 27th and 
28th inst. 

a Ly. and jS Aqni. 
bald. 28th 

9t U. Mi^.and S Aqni. 
a Oeph. and ^ Aqua. 


a Aqni. and mean. 


r Drao. and Fomalt. 


a Oyg. and a® Oapric. 


/3 Drao. and fef Sag. 

a Lyr. and jS Aqni. 
and 28th. 

$ Drao. and 3 Aqni. 
a Oeph. and (i Aqua. 
a Cyg. and a® Oapric. 
a Cyg. and EomalL 
ty Drao. and Fomalt 


8 + 1-26 Level W. + 0-67. 


N.A. differs from A.S.C. 
Tvhich gives AB.. less 
by *13. 

Transits very irregnlar. 

Prom P.D, 97® to 107® 
dock err. too small. 

Obsd. from P.D. 22® to 
116®, but results very 
irregnlar. 

Olook errors veryirreg. 
to-ni^t. 

Obsd. by Mr. Mann thjfl 
night. 

Dad figure. 

a Aqni. gave more Azim. 
dev. 

Though many Gr. stars, 
results irregnlar. 

Results irregular. 

Only one unknown star, 
j Gnod series to-night, 
j Long but irreg. series. 


liO AquOtt) 


19 47 60*64 


88 69 — 0-08 


a Oyg. and a** Oapric. 0 — 0*44 Obs. by Mr. Mann. 

^ Drao. and f* Sagitt 2 + 0*98 Tolerably xegnlar. 

a Cyg. and a Oapric. 8 + 0*94 Only 5 transits to-night. 

a Aqui. and mean. 8 + 0*90 Az. dev. by Epps 1*85. 


a pyg. and a* Oapric. 0 —0-46 Eye-piece changed. 


$ 
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SPEOULTJM HARTWBLLIAJSrTJM. 


OBSEKVATIONS. 







Telescope \rlroB. 







Date. 

Star’s name. 







Moan 

Clock’s 

nonmrics. 


1. 

11. 

Centro. 

IV. 

V. 

Transit. 

Error, 

Dally 

rate. 

1838 



secs. 

BQCB. 

h. m. B, 

secs. 

sees. 

B. 

s. 

8. 


81 Aug. 

62 Sagittarll cals, . 

c 

11-1 

82-2 

19 62 63*2 

14*3 

36*6 

63*26 

+ 08*26 

— 1*06 

Hazy. Rato witli/a'Sagitt. 












3 days oftor. 

27 Sept. 

Ditto 


12-2 

33-0 

19 62 64-1 

16*1 

36*0 

64*08 

+ 09-42 

-2*02 

Rato witlx y Aqui. 3 days 












after. 

1889 

4 July 

66 Aqoiles calc. . . 

& 

23-0 


20 02 59-8 

17*8 

37*1 

69-97 

— 02*76 

+ 0-47 

Rato with j3 Opliiu. next 












day. 

1883 

26 Nov. 

6 Oaprioorni N,A . 


39-0 

68-0 

20 09 17'0 



17-08 

+ 11-16 

-1*80 

Rato witli /3 Coti 11 days 












oftor. 

20 „ 

Ditto . . 


14-2 

32-6 

20 08 61*8 

11*0 

80*2 

61*94 

+ 10-00 

— 1-72 

Rato with i Orionis 7 days 












aftor. 

1839 

4 July 

1838 

9 Caprioorni calc, . 


• • 

39*0 

20 11 68*3 

17-4 

S7'0 

68*23 

— 02*63 

+ 0*26 

Rato with /3 Opliiu. next 
day. 

21 Oot. 

37 Oygui cah, . . 

y 

47-6 

11-6 

20 1C 36*8 


24*3 

36*84 

+ 09*97 

— 2*20 

Rato with a Oyg. 6 days 












aftor. 

1830 

4 July 

1838 

Ditto 


39-4 

3*0 

20 16 27-0 

62*0 

16*0 

27-60 

— 01*68 

-0*48 

Rato with y Booti noxt 
day. 

1 Nov. 

60 Oygui N,A, , , 

a 

60-0 

22*0 

20 SB 48-2 

14*4 

40*0 

48*24 

— 07*64 

— 2*20 

Glaring flgnro. Rato with 
y Cyg. 8 ilays before. 

26 Oot. 

16^ Oaprioorni , 


66^3 

16*0 

20 36 36*0 

’67*2 

17*8 

86*58 

+ 03*78 

— 2*32 

Rato witli a® Oaprlo, 0 doys 












bofura. 

183D 

4 July 

1838 

58 Oygui calc, . . 

1 

67*8 

10*8 

20 39 42-0 

4*6 

26*6 

42*14 

— 01*70 

— 0*41 

Rato with y Boot, noxt 
<lay. 

26 Oct. 

34 Oaprioorni calc, . 

■ i 

60*8 

11*0 

21 17 31*2 

61*6 

11*8 

31*26 

+ 03*69 

— 2*00 

Rato with Oaprlo. 0 days 












boforo. 

80 Sept 

40 Capricomi calc, , 

V 

34-0 

63*6 

21 81 13*0 

S2-6 

61*8 

12*98 

+ 08*04 

— 2*09 

Rato by a® Oaprio. 3 days 

26 Oot. 

Ditto 










boforo. 


34-6 

64*0 

21 81 18*6 

33*0 

62*6 

13*62 

+ 03*92 

— 2*28 

Rato with a® Oaprio. 0 days 












boforo. 

20 Oot. 

8 Pegasi N‘,A,, , 

t 

30-8 

66*6 

21 30 14*2 

33-0 

61*8 

14*26 

— 02*10 

— 2*19 

Rato with a Aqui. 6 days 












boforo. 

30 Sopt. 

24 Nov, 

49 Oaprioorni calo. 

Ditto 

, ^ 

83-6 

62*7 

21 38 12*1 

31*6 

60*9 

12-14 

+ 03*28 

— 2*36 

Rato witli a® Oaprio. 12 
days after. 


41-8 

1*2 

21 38 20*6 

40*0 

60*3 

20*58 

+ 12-8fl 

— 1*62 

Rate with a® Oaprio. 12 












days boforo. 

24 Nov. 

61 Oaprioorni calc. 

> !«- 

4*0 

23*2 

21 44 42-4 

1*6 

20*8 

42*38 

+ 12*81 

-1*48 

Rato with a® Oaprio. 12 












days boforo. 

80 Sept. 

84 Aquarii A. 

. a 

67-0 

16*6 

21 67 84*0 

62*0 

11-2 

84*06 

+ 08*11 

-2*37 

Rato with itself 12 days 

29 Oot. 

Ditto 


61-0 

9*7 

21 67 28*2 

40*7 

6*2 

28*16 

— 02*68 

— 2*24 

aftor, 

Rato with & Aqui. 6 days 












boforo. 

8 Sept. 

83 Aquflrii calc, , 

, L 

18*0 

27'0 

21 67 46*2 

6*6 

24*8 

46*82 

+ 01*86 

— 2*06 

Whito olouds. Rate with 

24 Nov. 

Ditto 


17-6. 

86*6 

21 67 66*8 

16*1 

84*8 

65*88 

+ 12*16 

-1*63 

Sag. 7 days after. 

Rato with ft® Oaprio, 12 












days beforo. 

8 Sept. 

67 Aquarii cole. , , 

C 

81-8 

60^8 

22 22 9*7 

28*6 

47*8 

9*02 

+ 01*91 

— 2*08 

White clouds, Rato with 







* 





ftf Sag. 7 days after. 
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DEDUCTIONS. 




Star’s name. 


AR. 1 Jan. 1860. 

Apnros. P.D. 

A 

Dally 

StOTB compared for 

Wt 

Az. cor- 

Roinarks. 








Aat. S.C. 

Dov. E. 

dolly Mun. 


rectlon. 




h. 

[Hi 

s. 

0 


s. 

a. 



a. 


(i2 Sofi^ittorii . . 

. rt 

10 53 

25-42 

118 

07 

+ 0*12 

1-36 

/3 Droo. and Sagit. 

2 

+ 1-61 

Tried variouB doviations. 

Ditto 





n 


— 0-10 

1-18 

aLyrso and /3 Aqui. 

2 

+ 1-32 

Very irregular roaults. 










bolanood 28th. 




65 Aquilm . . 

. 6 

28 

03 

33'C9 

91 

16 

— (1*16 

0 63 

a Cyg. and a' Caprlo. 

1 

— 0-50 

Obaorvod by Dr. Leo. 

0 Cftiiricorni . 

. 

20 

09 

43*00 

1(13 

00 

— 0*17 

0*60 

a Cyg. and Fomolt. 

2 

+ 0-47 

Gh)od sorlos to-night. 

Ditto . 

. a' 






— 0-40 

(1*31 

y Droc. and Fomolt. 

1 

+ 0-28 

An irregular night, but 













+ lO'fo, moan err. by . 

7 Gr. atare. 

i) Caprioomi 


20 

12 

34-54 

105 

10 

+ 0*17 

003 

a Cyg. and Caprio. 

1 

-0-00 

Obaorvod by Dr. Loo. 

37 OyRiil . . . 

■ y 

20 

16 

50*20 

50 

14 

+ 0*77 

1*30 

a Cyg. and Caprio. 

0 

+ 0*37 

Tho only unknown star. 

Ditto 



It 


}i 


+ 0-04 

0-63 

Ditto 

0 

— (1*17 

Obsorved by Mr. Mann. 

50 Oygiii . * < 

. a 

20 

30 

18-01) 

45 

15 

— 0-03 

1-35 

a Fora and ih Caprio. 

2 

^0-23 

Disagreed with Its noigh- 











lioura. Lovol W. 0"*OC, 

in Oaprioomi . 

. ^ 

20 

37 

12-88 

116 

48 

— 0-24 

1-26 

a Aqui. and moan. 

2 

+ 0-09 

Disagreod wltli i Caprio. 

63 Oygni . . . 

1 

20 

40 

07-Cl) 

50 

30 

+ 0:04 

11-03 

a Cyg. and a, Caprio. 

0 

— 0-24 

Obsorvod by Dr, Loo. 

3-1- Oaprioonii 

. i 

21 

18 

05-34 

113 

03 

— 0-48 

1*26 

a Aqui. and mouu. 

8 

+ 0-06 

Diaagrood with yp Caprio, 

40 Oapricorni 

• y 

21 

81 

46-00 

107 

20 

+ 0*14 

0-44 

a Coph. and /3 Aqua. 

1 

+ 0-44 

Unsteady night. 

Ditto 



iy 


}i 


— 0-19 

1-26 

a Aqui. and moon. 

2 

+ 0-61 

Trustworthy obsorvationfl. 

8 Pogosi p . . 

. 1 

21 

30 

48-04 

80 

50 

+ 0-09 

1-28 

a Cyg. and a Caprio, 

2 

-0-80 

Quod regular night. 

40 Caprioomi 

. S 

21 

38 

44-80 

106 

48 

+ 0-33 

0-44 

a Ooph. and /3 Aqua. 

1 

— 1-44 

Morid. pos aamo os yea- 
torday. 

Ditto 





ti 


— 0-11 

0-12 

y Ooph. and Fomal. 

2 

+ 0-24 

Foaition of objooi glaaa 












reotiiiod. 

51 Caprioomi 


21 

46 

05-02 

104 

16 

+ 0-34 

0-12 

y Oq>U and Formal. 

1 

: +0*11 

Level E,0"-60. Noapp. 
ooUim. 

34 Aquarli * . 

p (( 

21 

58 

04-52 

01 

02 

+ 0-14 

0*44 

a Ceph. and fi Aqua. 

3 

+ 0-80 

Disagrooa with its neigh¬ 
bours. 

Ditto 





91 


— 0-84 

1-28 

a Oyg. and a Caprio. 

1 

— 1-02 

Not in aocordanoo with 












iho rest to-night. 

83 Aquarli . . 

. L 

21 

58 

10-98 

104 

86 

--0-18 

1-00 

Mean and fi* Sagit. 

2 

+ 0-06 

Stars tremulous. 

Ditto 





«] 


— 0-29 

0-12 

y Ceph. and Formal. 

0 

+ 0-12 

Foaition of inatrument 












good. 

57 Aquarli . * 

. <r 

22 

22 

42-88 

101 

26 

+ 0-04 

1-00 

Mean and fi Sagit. 

2 

+ 0*92 

Level B. 0"*88. 
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SPEOUIUM HAETWELLIANUM. 







OBSERVATIONS. 










Telescope wires. 















Mean 

Clock\s 

Henmrkfi, 









Transit, 


Daily 

rate. 





I. 

II 

Centre. 

IV. 

V. 


Error. 


1838 

24 Nov. 



secs. 

secs. 

h. m. s. 

secs. 

secs. 

8, 

8. 

fi. 


42 Pegasi JS^.A, . 

. ? 

0*2 

19-0 

22 33 38-0 

57-0 

16*0 

38-04 

+ 12-40 

— 1*52 

Rate willi 8 P(‘g. 12 days 
bol'ortj. 

3 Sept. 

73 Aqnarii calc, . 

. X 

37-5 

56-3 

22 44 15*0 

33-8 

52-5 

16*02 

+ 2*11 

— 2*15 

Rato with a Rcrp. 8 thiyrt 
hoforo. 

24 Nov. 

Ditto 


47-0 

5-8 

22 44 24-5 

43’3 

2*0 

24'52 

+ 11*92 

-- 1*55 

Rato with Ctapric, 12 










dayH h(‘iorc. 

25 Nov. 

Ditto 


46-0 

4-8 

22 44 23-5 

42-2 

1*0 

23*50 

+ 10*98 

-- 0*94 

V('ry tnumiloiis, Kate witlt 
itHclf previoUH day. 

24 Nov. 

64 Pegasi A. . 

, a 

19-0 

38‘0 

22 56 57*0 

16*2 

35*5 

57-H 

+ 12*66 

1*34 

Hat(^ with itrtclf day. 

25 „ 

Ditto 


17'3 

36-6 

22 56 55-8 

15*0 

34*2 

65*78 

+ 11*32 

— 1*03 

OU'tir. Rato witli f Aqni, 
next <lay. 

3 Sept. 

90 Aquarii calc. 

. (p 

23-5 

42-2 

23 6 1-0 

19-8 

38*5 

1*00 

+ 1-07 

— 2*61 

Very tnumdoUH, Ratn with 
itmdf n(‘xt day. 

29 Oct. 

Ditto 


19*0 

37’8 

23 5 56-6 

15-1 

83'9 

66*46 

— 2*82 

— 2-37 

Rato with 1 Atjui, 3 <hiyj^ 












hofoiMx 

3 Sept. 

Piscium calc. . . 

■ X 

6 0 

24-5 

23 18 43'0 

1*5 

20*0 

43*00 

+ 1*94 

- 2-22 ; 

Bad. A douhh‘ atar. liat»‘ 











with /i Aiiui. 3 day« 
boi’oro 


25 Nov. 

20 Piscium D . 

. 71 

136 

32 2 

23 39 60-8 

9-5 

28-0 

60-82 

+ 11*26 

-~()‘86 ^ 

Very liaxy. Rato with iuolf 
iK’Xt <lay. 

26 „ 

Ditto 


12-6 

31-4 

23 39 50*0 

8-6 

27*2 

49 96 

+ 10*40 

- 1*28 

Rato with u Atfua 3 daya 












after 

29 Oct. 

29 Piscium calc. 

• 2 

55-0 

13-6 

23 53 32-2 

60>8 

9*5 

32*22 

— 2*71 

— 2*40 

Rato with ^ A<tui. 3 daya 

26 Nov. 











ludbro. 

Ditto 


6-8 

25 5 

23 53 44*1 

2-8 

21-4 

44*12 

+ 0*40 

— 0*94 

Ratt^ witli (I Aiiua. tl daya 












af(<‘r 





A, Jupitor; B, Saturn; C,Nt‘ptune 
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DEDTICTIONS. 

Stur'H luuui'. 


AU. 1 ,Tan. 1850. 

Approx. P.D. 

A 

Ast. S.C. 

ll| 

Star’s compared for 
daily Azim. 

Wt. 

Az.correc- 
rection. 

Remarks. 



ll« 111. H. 

0 / 


s. 



s. 


1*2 » , . 

• ? 

22 :«! 5S'50 

79 57 

~-0'06 

0-12 

y Ceph. and Fomal. 

1 

+ 0-87 

Position of instrument 










good. 

73 Atj[iuirii . . 

. X 

22 44 4C'rS) 

1)8 23 

-h 0-13 

1-00 

Mean and Sagit. 

1 

+ 0-87 

White clouds. 

Ditto 



)) 

— 0*60 

0-12 

y Ceph. and Fomal. 

2 

+ 0-10 

Level and collimation 

Ditto 


M 

?) 

-~0*24 

0-50 

a Cyg, and Fomal. 

0 

+ 0*44 

good. 

Meridional position con- 










tinues good. 

5‘i . . . 

Ditto 

. (( 

22 57 17-21 

76 30 

+ 0-22 

0-12 

y Ceph. and Fomal. 

1 

+ 0-07 

Sky clouding over. 



»» 

-- 0-01 

0-50 

a Cyg. and Fomal. 

3 

+ 0*32 

Position of object-glass 










rectified. 

IM) Aiiuarii . * 

• 0 

22 fl y2'S5 

96 62 

— 0-H 

1-00 

Mean and Sagit. 

1 

+ 0-86 

Level E. + 0"-88. 

Ditto 



o 

— 0-39 

1-28 

a Cyg. and a Capric. 

0 

— 1*10 

Returned to eye*piece 3. 

Piftohirn . . . 

• z' 

22 1!) lll'lil 

89 M 

+ 0*21 

1-00 

Mean and f/, Sagit. 

0 

+ 0*78 ; 

Uncertain sky. 

‘20 t’im'ium . ♦ 

. // 

21! 40 

93 3G 

H- 0‘03 

0'50 

a Cyg- and Fomal. 

2 

+ 0-42 

By NA. 2*3, 39, 39-56. 

Ditto 


„ 

31 

+ 0-16 

0*31 

y Drac. and Fomal. 

2 

+ 0-25 

Thermometer in observa¬ 










tory 36°. 

20 PiHoiuiu . . 

• y 

23 54 74li) 

93 62 

~~-0-26 

1*28 

a Cyg. and a Capric. 

1 

— 1-06 

Encke’s comet observed. 

Ditto 



33 

— 0-86 

0*31 

y Drac. and Fomal. 

2 

+ 0-25 

Clock vibrating 17’5 each 










side, in summer = 20’0. 


2 


3 4 5 






CHAPTER VL 


DOUBLE STARS BE-MEASUEED AT HARTWELL. 

“ He (Newton) took his ardent flight 
Through the blue infinite ; and every star, 

Which the clear concave of a winter’s night 
Pours on the eye, or astronomic tube, 

Far stretching, snatches from the dark abyss; 

Or such as fiiither in successive skies 
To fency shine alone, at his approach 
Blaz’d into suns, the living centre each 
Of an harmonious system : dU combin’d. 

And rul’d unerring by that single power, 

Which draws the stone projected to the ground.” 

Thomson. 

In my work upon Celestial Objects (vol. i. pp. 286—304), I have irivj't) a 
condensed view of the highly interesting department of Compound Stars, which 
work can be referred to by many: but as it will not bo acc( 58 siblc to all who 
may honour these pages, a prefatory word or two may bo considorod uocos- 
sary, towards their comprehending the glimpse which will bo afforded oi‘ the 
wondrous restdts of the Omnipotent rDiT:— 

“ Then apeak thy hiamhlest thanks; that thus ’tis giv’ii 
To thee (a worm, a mite, an atom I plac’d 
On this small Earthly Ball, to th’ universe 
Like dust of halanoe, or the bucket’s drop,) 

To read, to trace, to know His glorious works.” 

Our statement will be recollected, that a dark and silent void space extends 
above, below, and around our system, which has been successfully piorcod by thc^ 
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fovco of gonius and art: this, indeed, is one of the triumphs of Man’s intellect, 
loi the abyss is so inconceivably vast, as absolutely to stun contemplation, the 
distance to the nearest star (a Qentomri) being estimated at not less than 
twenty-one million millions of miles. But the void which thus awfully sepa¬ 
rates ns from the sidereal heavens is known to expand towards other bodies 
in such a ratio, that the remoteness of a OentoMri is comparatively small; and 
imagination is confounded, even with the facts demonstrated. Among the assem¬ 
blage of the stars which deck the heavens, in numbers so vast as to be abso¬ 
lutely innumerable, many individuals appear as single objects to the naked eye, 
which are found really to consist of two, or more, under some of the finest 
and most delicate forms of vision conceivable. Most of these, from their 
(mormous distance, appear to be so dose to one another, that it requires tele- 
Hcopos of groat perfection to separate them. The practical astronomy of these 
ch^gant objents originated in the unprecedented labours of the elder Herschel 
at Slough, and constituted one of his greatest bequests to science. "When 
demanding, “ What’s in a name P” the Swan of Avon assuredly was not 
dreaming of science, whose advances are so greatly acederated and secured 
by regular nomondaturo and dassifieation. A worthy friend of mine, versed 
in the annals of astronomy, though he approves of my having given Ptolemy’s 
iivkoiKi, in Tofor) 79 , as the earliest mention of double stars, insists that the 
name was not at all unknown in 1764, for the Pbre Peuillde had described 
a Omitawri as double in 1709. My assertion, however (Cyde, I. p. 286), is, that 
it did not obtaia a place in Sir John Bill’s Astronomical Dictiona/iry; and 
in truth Pouilldo’s words are merely, “ Je trouvai cette doile eompos6e de 
deux, dont Tune cst do la troisibme grandeur, et 1’autre de la quatrifeme:” 
La Condamino was nearer the mark in 1749, when, in describing the same 
star, ho used the expression, “ etiam duplex est.” Yet nearly in the middle 
of the seventeenth century, Biicoioli had found that under the tdescope Mizar 
consisted of two stars in close justa-position; and in 1664 Hook detected 
the duplicity of Mesartim (Cycle, II. p 44). But certainly the term, as 
expressing twin stars, had not widely obtained; and MicheU—a discerning 

2 E 
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inquirer into tlie cosmical structure of the heavens—-was the jSrst who sug¬ 
gested, in 1767, that the proximity in such instances might be owing to a 
physical connexion existing between them (Oyde, I. pp. 289, 290). Still, 
general interest was not awakened, till the astronomer of Slough published 
his celebrated paper in the Philosophical Transactions for 1782. 

The mantle of MicheH disappeared for a time : and when Herschel 
commenced the inquiry, the circumstance of a star being double was hastily 
accounted for, by supposing one star to be situated at an immense distance 
beyond the other. It was therefore presumed to be only optically double, or 
the two components so nearly in a line with our eye as scarcely to subtend 
a perceptible angle, yet without any real proximity between them. But 
owing to his sagacious perseverance, especially as regarded the observations of 
that beautiful double-star Castor, on an interval of twenty-five years (1778 to 
1803), the relative places of the components were ascertained to vary; and 
the changes detected had no relation to the orbital position of the Earth. 
In the course of the scrutiny which he prosecuted, it was proved that in 
various cases the stars were physically binary, and that the companion must 
actually revolve about its primary. Thus the wonderful truth opened to view, 
that two suns, each self-luminous and probably with an attendant train of 
planets, were gyrating round their common centre of gravity under the same 
dynamical laws which govern the solar system: that is, not precisely like 
our planets round one great luminary, but where each constituent with its 
accompanying orbs revolves around an intermediate point, or mystic centre. 
This is a great fact; and an astronomical revelation which, in aU probability, 
Newton himself never contemplated. 

These extensive celestial examinations brought MioheU. into the field again; 
and in the communication which appears in the Philosophical Transactions 
for I784i (Cycle I. page 290), he expresses his conviction that double and 
triple stars are so many systems liable to be affected by their mutual 
gravitation; and he considered it as not unlikely that the periods of the 
revolutions of some of these about their primaries might one day be dis- 
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covered. But iu mentioiiiiig the perseverance of Hersohel, and the sagacity 
of Michell, I must not forget the palmcm qui meruit ferat axiom; for the 
merit of having first given a method of determining, from ohservation, the 
fom of the orbit of a binary star, certainly belongs to M. Savary. It is 
true that Sir John Herschel, strueik with the idea that gravitation must be 
the law of motion in those distant regions, recommended constant observation 
upon f Ursa) Majoris so far back as 1826; but Savary was the first who 
produced a regular set of elements for the same from calculation. These he 
published in 1830, shewing that the comes moved in an ellipse precisely like 
the planets of our own system, though of a more varied excentrioity. 

The field is peculiarly attractive to the amateur or extra-meridian astro¬ 
nomer, and was therefore invaded from my station at Bedford. Having thus 
become deeply interested in stellar physios, and therefore anxious to obtain 
repeated observations of various objects enrolled in my Cycle, it became desirable 
for me to repair to Hartwell—whither my large equatoreal had been removed— 
as often as those came into apparition; and it were ungrateful to omit adding, 
that the observatory was always most obligingly kept in readiness for my 
immediate and particular service. The measures and re-measures thus obtained 
with my former instruments are consequently all taken with the same eye, 
micromotors, and object-glass, and mostly with the same eye-piece power; 
and the diurnal motion of the earth was eliminated by the same practice in 
the use of the ^R-handle, or the equable movement of the equatoreal clock, 
as manipulated at Bedford. By these means, whatever optical or other bias 
might obtain, the results are assuredly comparable with each other, inter se, 
in evidence of angular movement and changes o:f distance, indicated by the 
operations of diJBferent nights and different years. 

Some of these re-examinations have already appeared in my Cycle, which 
was published in 1844; but it is proper to reprint them here, together with 
the latest Bedford measures and those since observed, so as to yield a colpo 
d’ooohio of motion or fixity in the several lapsed times. They are arranged 
in the manner already explained in that work (Tol. I. pages 426—8); so that 

2 E 2 
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I need only remind the reader who may be unable to make reforonoc to it, 
that the weights attached to the distances and to the angles of position—as 
the relative situation of two component stars in respect to the fixed circles 
of the sphere is termed—depend, according to the observer’s jndgmont, on the 
nxunber and presumed goodness of the observations. Thus, while 1 inclicnt(\s 
an indifferent single measure, a careful guess, or a mere estimation, 10 is 
used to express that the astrometer is entirely satisfied with all the con¬ 
ditions of the operation. The last is a weight but too rarely obtainable, and 
indeed beyond my registers; stiU, from having full leisure and a free choice 
of objects and opportunity, I was generally enabled to give tho Ilartwcdl 
measures high weights. These are principally useful in grouping tho data 
for investigating the orbits of those which are binary. Before submitting the 
following list of the double-stars thus re-observed, a few prolitninary 
statements are necessary here, though somewhat iterative to those who 
possess my Oyde of Celestial Objects. 

Eespectiug the magnitudes of stars, although they have beesn uttoiulcd 
to’ by Herschel, Dawes, Argelander, Pogson, and others, so ranch of tlu^ 
classification as yet is arbitrary and conventional, that I have little to add to 
my former statement (Cycle I. pages 271—2). But I may repeat, it was 
on acconnt of the besetting difficulties of the methods hitherto used for 
estimations of brightness, and feeling that the proposition which would satisfy 
every point had not yet been miade, that I adopted the size of the primary 
from Piazzi; and assuming that as a point of departure, tho other star’s in 
the field were relatively registered. This manner of proceeding cannot be 
radically bad, because, on comparison with other standards, my given nmgnitud<.'.s 
have been approved and accepted; thus my early correspondent Dawes, whoso 
method is before the astronomical public, in answer to some of my in<]^uirios 
on the subject, observes, under date 10th October, 1867 

“ I cannot find that I haye ever gauged the magnitudes of the small stars between tho 
doubles of e Lyra; but the small star which follows and makes an ohtuse angle witli them, 
I gauge of 9’5 mag. 
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“ It does not appear to me that there is much difference in the acuteness of your eye 

and mine ; and if this he correct, your minimum ■with 6'9 inches aperture = 11'3 mag. of 

my scale. This conTcrted into Hcrschel’s theoretical scale = 11‘3 -|- 1T3 — 6*0, = 22‘6 6‘0 

= 16*6 mag. which differs yery little from what you have considered yoiir minimum visiUh. 

The reduction therefore of your scale to mine (supposing your ratio to he the same as Hcrschcl’s, 

. , . , ^ . . 1 -n Sm + 6*0 

VIZ. i) IS easy, the formula hemg sunply I) = - ^ -• 

“ On Septemher 20th, I looked at that pretly douhle-star, Cycle 846, and gauged the mag¬ 
nitudes; A = 8, B =: 10*3. In this case, for B we hare 10*3 x 2 — 6*0 = 20*6 — 6 = 14*6, as 
your theoretical magnitude deduced from my gauging. Your estimate is 16. Horschcls 18 is 
out of the question. Struve’s is 10*8; which, treated in the same way as my ovm, gives 21*6 — 

6 = 16*6,—so that your estimation is nearly a mean between S’s and my gauge, when reduced 
to your scale. As to /SPegasi, A 2 and B 10*6 {gauged). Here again our agreement is perfect 
in the actual brightness of the small star; for 10*6 x 2 — 6 = 16, which is your estimation. 

“ I cannot find that I have a gauge of the brighter small star about a minute and a half north 
preceding a Oassiopese. I perceive that you assign to it about 10*6. I will take an early 
opportunity of examining it,—though for accurate gauging, it is rather too near its bright 
neighbour. 

“ On the brighter small stars, namely, down to my 9 th magnitude, I don’t think we diffei* 
much in our scale, or ratio of progression. E. g. 10 Arietis, 1 have gauged A = 6-6 ; B = 8*5; 
which are precisely your own numbers. So again in i Oassiopcin, Cycle 97,1 have A = 5; B = 7; 
0 = 9: the two smaller being rated just the same by yourself. 

“ I will look over my manuscript catalogue, and make out a list of stars I have gauged, and 
which are also found in your Cyde: but with the exception of the well-known binaries, we have 
not observed many of the same stars,—our object in observing having been vei’y different in respect 
of the others.” 

Thus mucli for the relative brightness of the pairs and groups compounded 
in 'my operations, in the course of which I have followed neorly the ssme 
order; and, although I feel rather uncertain as to whether we are yet in 
the best possible walk of astrometry, I have little to add to my former remarks 
on telescopes and micrometers. But I must throw out a crumb of comfort 
to the wight who sighs for the possession of the giant instruments now so 
frequently met with, for I can, from my own knowledge, assure him of a 
harvest of excellent results by a dUigent use of those of more moderate 
/limPiTiftinTis , well-figured and corrected. Such for instance is the 6-foot refractor 
above described; but he who possesses a tool of this size in a state of 
perfection, ought never to teaze it with the higher powers, except under 
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obvious necessity; for tbe greater the magnifier of eye-pieces, the greater the 
invasion of the illuminating power of the telescope,—the light being lessened in 
the inverse ratio of the sq^uares of the powers. In many instances of gazing, 
however, the achromatic concave lens, described in the Cycle (Vol. I, 
pages 342 3), can be used with great benefit; and indeed its advantages 
in certain cases of measuring were such, that I designated it the Macro- 
micrometer, under which name it appears in Dawes’s registers, and in Sir 
John Serschel s Cape Observations. Still, whatever powers of eye-pieces, 
negative or positive, are used, the ultimate results obtained by present means 
and methods are perhaps chargeable with an instrumental proportion of excess 
or defect, a personal equation, and a too sensible amount of probable error. 

Pbstika liBNTB is the appropriate motto for an amateur astronomer; 
for it is by hastening slowly that he will accomplish valuable work—quality, 
not quantily, being the actual desideratum. With powerful instruments, a steady 
hand, and a practised eye, most celestial objects can be immediately attacked; 
but there are crucial cases which do not admit of sudden assault, especially 
those in which there is an absolute necessity for the actual focus being positively 
found. Instead of being impatient under difficulties, as I have known a friend 
or two to be, the tyro cannot do better than resort to the advice of the elder 
Hersohel as to adjusting the telescope and preparing the eye for an accurate 
ex amin ation of the closer double-stars. Dor this purpose he recommends the 
observer to previously conform his instrument vrith the utmost delicacy on a 
star known to be single, of as nearly as possible the same altitude, magnitude, 
and colour, as the body proposed to be examined. He then continues 

“ As these are some of the finest, most minute, and most delicate objects of vision 1 ever behold, 

I shall be happy to hear that my observations have been verified by other persons; which I make 
no doubt the curious in astronomy vnU soon undertake. I should observe that, since it requires no 
common stretch of power and distinctness to see these double stars, it will not be much aiyica to go 
gradi^y through a few preparatory steps of vision, such as the Mowing. When r) Coronae 
Borealis (one of the most minute double stare) is proposed to be viewed, let the telescope be some 
time before directed to a Geminorum, or if not in view to either of the following stars: 

C Aquarii, /i Draoonis, p Herculis, a Piscium, or the curious dcwiJZe-double star e Lyrse. These 
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should be kept in view a considerable time, that the eye may acquire the habit of seeing such 
objects well and distinctly. The observer may next proceed to ^ Urste Majoris, and the beautiful 
treble star in the right fore-foot of Monoceros; after these to t Bootis, which is a fine miniature of 
o GeininoruiUj to the star preceding a Orionis, and to n Orionis. By this timo both the eye and 
the telescope will be prepared for a still finer picture, which is rj Coronac Borealis. It will be in 
vain to attempt this latter if all the former, at least i Bootis, cannot be distinctly perceived to be 
fairly separated, because it is ahnost as fine a miniature of u Bootis as that is of a Geminorum.” 

This advice is more seasonable to the astrometer than palatable to the 
astrogazer, who is ever insisting upon arbitrary shifting of objects — on the 
“ now-yon-shall-see-what-yon-shall-see ” scheme. The above-cited hints were 
originally intended to bear upon the reflecting telescope, yet they contain, sensible 
rules for extreme tests with an achromatic refractor; the which is obviously the 
more perfect, ready, handy, and durable instrument of the two. 

Regarding measures—they are tahen up to the present time as well as 
we can; and the wire-micrometer, rock-crystal prism, Rochon wedges, double 
image, and divided object-glass, have all and severally been brought into the 
field: but I was not a little surprised at hearing a recommendation to the 
Astronomical Society for the restoration of the discarded method of guessing 
distances between double stars by eye estimations of the apparent diameter of 
the brighter component—said diameter ever varying in proportion to the power 
used. Then again we have lately heard much twaddle about polymetric reticles, 
and the like, by some who make no difference between exquisite measures for 
physical inquiry and rapid gleanings for zordfication. Reticulated diaphragms 
certainly are useful in mapping stars, and in differentiating them; and, though 
they can barely be called micrometers, the simplicity of their contrivance 
renders them desirable objects for many of the borderers of the amateur districts. 
As the tyro should endeavour to make himself equally strong in mental and 
mechanical auxiliaries, my object here is merely to caution him not to crave 
after such humble means, nor overlook them entirely; and should he wish to 
learn something about their manufacture he cannot do better than consult Dr. 
Pearson’s Practical Astronomy. When he has got one which is furnished with 
a horizontal wire, or line of any description, let hiTn catch an equatorial star. 
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and Tifia.Tfft it run along from one end to the other; when it performs this as it 
ought to he performed, the other component divisions of the reticulax system 
will consequently become all right. 

Anfl now for the re-measurement of certain selected stars, tho prefixed 
BiOman numerals being their assigned number in the Bedford Catalogue, or 
second volume of the Cycle of Celestial Objects:— 

VIII. 38 PISCIUM. 

Position 235°-9 (wS) Distance (wi) Epoch 1837’89 
- 237°-8 ( lol ) - 4"-5 («4)- 1845-91 

As the positions recorded in the Cycle, on a seven years’ interval, eannoi 
be regarded as conclusive relative to the imputed retrograde orbital march of the 
components of 38 Piscium, I took the opportunity of a singularly fine state of 
atmosphere for catching another epoch, compounded of three nights. Prom 
the results obtained, a retrocessive motion is out of the question. Under all 
circumstances I am inclined to apply the relative term “ fixity ” to tho places 
of this fine object—which are therefore merely optical. 

Nor is its proper motion in space so great as Mr. Taylor, of Madras, was 
led to suppose; the most recent authority—the British Association Catalogue— 
giving it only, from Mr. BaBy’s latest comparison 

In = + 0-005*. In N P D = - 0*11". 

XX. aCASSIOPEJl. 

Position 278°-4 («8) Distance 96"-9 (w3) Epoch 1831-86 
- 279°-7 (w9)-61"*5 («6) - 1851-92 

When I examined this wide pair in 1831 I was satisfied with my per¬ 
formance as weighted; especially since H. and S., only ten years before, had 
found that the comes would “ scarcely bear the slightest illumination a star 
which to me was so distinct that, but for the glare of its lucida, I might have 
rated at a ninth magnitude. Hence my request to Mr. Dawes, and his reply 
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(soe mte, p. 212). ThinJdng a bit of a mare’s nest bad been found, I observed, 
“ tbe difference of distance is so remarkable, that it must be imputed to instru¬ 
mental error,” meaning, of course, to impugn Sir WMam Herschel’s 66"-l7 of 
fifty years before; but it turned out instead to be a gross blunder of my ovn, 
only explicable on the supposition of counting a wrong revolution, with the 
comb out of the field under the power used. It was not till 1861 that the 
mistake was pointed out by a friend, to relieve, he said, my " second edition 
from a typical error.” On a trying-back reference, however, it proved to 
bo no fault of the printer, but an unaccountable oversight in the register; 
indeed my second epoch clearly proved that Sir Wilham had actually made 
a capital measure, since the alteration of distance is about what is due to the 
known proper motions of a itself (Cycle, II. page 12), in the course of 
tlireo q^uarters of a century. 

As to the variability of the lucida, I cannot but assign the atmospheric 

effects of the moon’s age to the question; for since the Cycle was printed my 

views have been considerably shaken on this head (see emte, p. 107). 

It is curious that a former error, entirely typical, misled Struve as to this 
pair, and induced him to conclude it was a binary system with an elliptic 
orbit—the Catalogue of 1782 stating the angle to be 40° fiS' (= 312° 68' of the 
present reading) in the north preceding quadrant, instead of 6° 26' n. p. Here 
arc the latest moasured positions, by two zealous coUaborateurs:_ 

Position 279°-48 Distance 61"-44 Epoch 1856-70.—JbeoS. 

' 279°-39 62"-41 — 1859-65.— Pogaon. 


X2I. 66 PISCIITM. 

Position 193°-7 (w6) Distance 5"-9 (w3) Epoch 1833-83 
-194°-3(w 6)-7"-0(to3) - 1854-07 

I mentioned in the Cycle (II. p. 13), that the epochal interval of observa¬ 
tions of this beautiful object was too brief for founding conclusions upon; and 
after a lapse of twenty years I again scrutinised it. Considering the infirmily 
of the best measures on such a pair, the new results give an inference of fixity; 

2 E 
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nor does the primary appear to be affected by proper motion. Equally at rest 
seem to be the magnitudes and finely contxasted colours of the components j 
A being noted as deep yellow, and B purplish blue. It must, however, bo 
recollected that it is but little more than thirty yearS’ ago when the duplicity 
of this star was detected by the elder Struve, at Dorpat. 

XXIX. r, OASSIOPE^. 

Position 92°-0 5) Distance 9"-4 (» 6) Epoch 1836'81 

-95'-’-8(«.8)-9"-l(«5) - 1843-19 

-101°-5 (w 6 ) - 9"'6 (w 5)-- 1846-73 

-108'>-3(«4)-7''''-7(»4) - 1864-17 

This very interesting binary system clearly exhibits an increasing ox’bital 
velocity, with a rapidly decreasing distance, indicative of an ellipse of consulorabhi 
ex-centricity. It has been watched by Mr. Eletcher with his smaller but very 
excellent telescope; and now, armed with mighty means, he will, it Is hoped, 
follow it up to a decided orbit—albeit he may not find its progress so rapid 
as his recent measures appear to shew. Eor instance:— 

Position 106°-63 Distance 8"-166 Epoch 1851*45 
-110°-18-7"-863 - 1853-77 

Since I gave the proper motions of this star (Cycle, II. page 19) as sovorally 
deduced by Piazzi, Baily, and Argelander, the Rev. Robert Main, comparing 
its place in the Greenwich Catalogue for 1840 with that inserted in Jlcssors 
admirable coUation of Bradley for the epoch 1756, by means of the constants 
of precession given by Professor Peters in his Nvmerm Oomtma N'utaliwtiSi 
Sfc. finds that the resultant spacial movements are— 

M = + 0-132®. N. P. D. = + 0-49. . 

XXXII. 36 ANDROMEDiE. 

Position 3180*6 (»8) Distance 1"*1 («,2) Epoch 1839*77 

- 322°-9(«>9) - l"-0 (,r4) - 1843-12 

- 3350*8 (v> 7) - P'*3 (w 3)- 1862-83 
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Though the measures of this golden pair of twin suns are difficult in opera¬ 
tion, they can be satisfactorily made. A direct angular variation of 20® in 
seventeen years under my own eye proves the inference in the Oyde (II. page 21) 
to be well founded, and leaves its binarity undoubted. The object is certainly 
widening as to distance; for, though the micrometer does not shew much, the 
vision keeps them pretty clear of contact; and the same impression strikes 
two of my correspondents, Mr. Metcher of Tam-bank, and the Eev. T. W. 
Webb of Tretire, near Hereford. Mr. Metcher’s most recent places are— 
Position 336°'38 Distance 1"’116 Epoch 1861-93 

XXXV. 261 P. 0. PISOIUM. 

Position 301°-8 (,»s) Distance IS'-'-e (» 6) Epoch 1838-03 

- 306°-1{w6)-18"'-8(w4) - 1852-81 

The surmise which I made in the Cycle (II. page 23) of the direct orbital 
motion of this star is abundantly confirmed: and it may safely bo entered as 
one which may be advantageously watched. I have therefore procured its 
entry on the agenda of two or three zealous astronomical friends. The distance 
seems to remain steady, for an increase in the decimal parts of a second in 
space cannot be deemed a very positive quantity in such a case as this. 

XXXVI. 26 OETl. 

Position 252®-6 (jp 9) Distance 16"-4 (w 7) Epoch 1833-86 

- 252'^-3 (ip 7) - 16"-8 (w 6) - 1868-10 

Although I stated in the Cycle (II. page 23) that the connection between 
these components was merely optical, yet, as a quarter of a century had lapsed 
since my observations were made, and a Mend had found reason to infer a 
retrograde motion in angle, on comparing my measures with those of 
Herschel and South, I again attacked them. As the circumstances - personal, 
atmospherical, and instrumental—were all favourable to the operations, the 
last epoch may prove a qmetm. 

2 E 2 
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XLYII. r PISOITJM. 

Position 63°'8 9) Distance 23"-4 (w 9) Epoch 1839‘05 

-630-3 (w 8) 23"-l (w 7)- 1846-89 

- 62°-9 (»8)-22"-8 (wS) 1867-93 

By measures "wliioli now extend over seTenty-eiglit years this neat pair 
still remains without symptoms of orbital motion, and the distance appears 
unaltered. I have made out nothing as to the supposed variability of S', though 
as to magnitude it is a very bright sixth. From the researches of the Hov. 
B. IVTain (gee V Oassiopeae), it seems that both the comites of this object have 
a giTnOfiT amount of proper motion in space, the value of A’s being— 

= + 0-0088 N. P. D. = + 0"-07 


LI. d2 OBTI. 

Position 332°-8 (ai 9) Distance 1"-2 (w 4) Epoch 1834-84 
- 344°-6(»e)-l"-3(^.4) - 1867-97 

In mentioning the slow direct angular movement of this star (Cycle, II. 
page 34), I remarked, “but this requires verification,” especially as the closeness 
of the pair renders the measures diG6.cult. But I think the angular motion 
in orbit is now clearly proved, though the distance, at present, cannot bo made 
much of. The observations of Mr. Dawes confirm this view, and I append 
the epoch which, from circumstance, he considered his best:— 

Position 331-88° Distance 1-026" Epoch 1842-98 


LIX. 100 PISOITJM. 

Position 78°-9 (» 7) Distance 16"-9 (w 7) Epoch 1833-86 
-79°*2(«8)-15"-6(«6) - 1862-77 

Having stated (Cycle, II. page 38) that by my observations compared with 
those of the two Hersohels and Sir James South, there was presumptive 
evidence of an angular retrocession = 0°-120 per annum, but that we required 
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lUtorior measures, I directed the telescope to this neat double-star, nineteen 
years after the conclusion was formed; and from the results then obtained 
the orbital fixity may be considered as established, nor does the distance seem 
to be dimmishing in the ratio some astrometers have held it to do. The object 
is an easy one to handle, but it is not often that such coincident measures 
appear as mine of 1862, and Mr. Fletcher’s, with instruments of different 
apertures, at nearly the same time : here are his places 

Position 79°’10 Distance 15"-580 Epoch 1852-66. 

LX. 123 P. I. pisoium:. 

Position 19°-8 (w t) Distance l"-5 {w s) Epoch 1832-86 

-26°-9(w 9)-l"-4(®4)- 1843-10 

- 26°-3 (w 1) - l"-5 („ 4)- 1853-91 

Though tho above measures do not confirm the motion in this beautiful 

object (Cycle, II. page 39) which I alluded to on consideration of the data 
then before me, and making every allowance for the difficulties of so close a 
system, I have no doubt of its binarity. I therefore recommend that it be 
followed up and well watched by the diligent amateur; and I submit some 
oxccUont epochs by Mr. Dawes, which fall between my two first dates:_ 

Position 240 -OO Distance l"-7ll Epoch 1839-71 
-24°-37-l"-542 - 1840-84 

Dy repeated observation under a power keeping them fairly separated during 
a very fine interval, both the components appear to be a creamy-white tint. 

LXXII. y AEIETIS. 

Position 369®'8 («- 9) Distance 8"-8 (»9) Epoch 1837-93 
- 368°-9 (»J8)- 8"-7 (w-e) - 1849-12 


These measures indicate no sensible change in this our oldest double-star, 
for the minute differences are more imputable to the infirmity of measuring 
than to movements. But there is an appreciable proper motion common to 
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both stars; and the Eev. Eohert Main, hy the investigation mentioned under 
ri Oassiopese, finds for the Incida this amount:— 

^ + 0-002» N. P. D. = + 0-11" 

LXXXI. aPISOITJM. 

Position 333°-4 (w 9) Distanob 3"-8 (»9) Epoch 1838-87 

-331°-4 (w 8)-3"-5 (» 7)- 1846-92 

- 329°-6 (t, 8)- 3"-6 (w s) - 1852-03 

In its earlier stages, that is from 1779 to 1821, this splendid pair presented 

some strange anomalies; but all the later observations combiae ia shewing 
a positive retrocession, amply sufficient to testify its hiuary character, however 
short they may yet be iu affording data to determine the elements of its orbit. 
My friend Captain Jacob seems to have been much disquieted about the 
apparent vagaries, yet his own observations in India must tend to bring him 
to this conclusion, although he thinks the discrepancies only explicable by 
perturbations —“ the perturbing body may either affect oitr system, in which 
case the motions will be of a parallactic character, or it may act upon the 
star itself.” Since my last measures the following have been handed to me:— 

Position 329°-48 Distance 3"-218 Epoch 1863-94. — FletcJier . 

- 328°-10-3^'-42 - 1863-99.— Dawes . 

- 326°-82-3'''-19 - 1868-05.— Jacob . 


LXXXII. y ANDEOMEDffil. 


Position A B 62°-9 (® 9) Distance 10"-6 (»9) 

-AB 61°-6(»9)-ll"-0(»9) 

- B C 120°-0(»i)-0''-5(»i) 

-A B 62°-6 {v> 9)-10"-1 (w 9) 

-B C 116°-0 (®l)-0"-6 (wi) 


Epoch 1837-80 
j 1843-33 

1 1852-99 


This splendid and high-coloured pair still retains its fixity, but I added 
another epoch merely to try 0 again, though I was conscious of the weakness 
of my means for such a purpose; and, notwithstanding I have so liberally 
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placed it as 0'''6 apart, it is on a slight guess, for it really appeared to he even 
doser, and more baffling than when before described (Cycle, II. page 61). Nor 
is the angle much better than an estimation, the wire having been set to 
Mr. Dawes’s 113° for a trial line; and my wish was rather to find it under 
than over that fiducial zero. But, though I could not thus accommodate it, 
I tbink there can be little doubt of its actually being a beautiful binary system, 
as stated by the Bev. W. B. Dawes, on the following specific grounds:— 

1842'72 Position = 126° 36'.— Struve. 

1842- 83 - = 125° 48'.—Dawes. 

1843- 33 -- 120° O'.—Smyth. 

1846-81 -= 113° 19'.—Dawes. 

Having alluded to the slight proper motion which affects y, I may here 
add that the careful investigations of the Bev. Bobort Main have brought it to— 

iR = + 0-0018 N. P, D. = + 0"-06 

In March 1867, 1 received a letter from Sir W. K. Murray, of Ochtertyre, 
• touching the performance of his largo telescope, in which ho says, “ Cloudy 
unfavourable weather has prevented any observation of the stars you named — 
on one night only, about a month ago, I enjoyed a fine atmosphere, and had 
an excellent observation of 7 ® Andromodse, which was beautifully separated, 
and the contrast of colours (B yellow, C blue) most distinctly seen. I used 
a positive eye-piece (720) on this occasion.” And for Sir William’s farther 
remarks on tliis celestial beauty, -with his practical suggestion, that B appears 
green under lower powers, is o-ndng to the blending of the blue and yellow 
tints of the components B and C. (See mte, p. 73.) 

LXXXIX. i TBIANGHLI. 

Position 78°-8 («> 9) Distance 3"-5 (» g) Epoch 1838-99 
-78°-6 (w 9)-3"-5 (« 7)- 1867-95 

The orbital change suspected in this beautiful object—an idea shaken by 
my former measures—may now be held as destroyed; and in thereby establishing 
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fixity, it affords another proof, in conjunction with y Andromeda) and a llorcuhs, 
that MgMy-coloured stars are not necessarily in rapid motion. Yet this was 
a dogma which had its adherents a short time ago; and it is colouvahlc. 


OXI. 7 OETI. 

Position 288°-8 (»7) Distance 2"'8 («.4) Epoch 1838-92 

__ 285°-7 (w 0) - 2"-6 (w 5)- 1843-16 

_ 289°-l (» 7 )- 2"-9 (®s)- 1856-09 

In the Cycle of Celestial Objects (II. page 68), I expressed mysoK satisfied 

_on comparing my results with those of Struve, Herschcl, and Dawes—that 

the fixity of this pretty object was established, despite of certain anoni!ili(>s. 
Yet, from the communication of a zealous correspondent in 1854—alri'udy 
alluded to under 26 Ceti—I was induced to return to the charge, and obt ained 
such satisfactory results, that my Mend took nothing by his motion. 

CXXII. 220 P. II. PEllSEI. 

Position 84°-9 (w 8) Distance 12"-4 (w 6) Epoch 18.‘W-10 
-85°-6(»9) - 12"-5(«>7)-IH43-JH 

This very neat object was remeasured at Hartwell, not undo’ any doubt 
of its fixity (Cycle, 11. page 74), but to render aid to a bogimier. 'I'liis was 
the first star in which I tested Piazzi’s observations, and by converting bis 
difference of right ascension and declination into angle of position and distance, 
to obtain a result for the year 1800, which could be registered in eoniparing 
the epochs of double-stars. The Cycle {'paamn) gives sevorsil unecpiivoeal 
specimens of the great accuracy of the Palermo Catalogue. 

CXXIII. € AEIETIS. 

Position 196°-7 (w 4) Distance 0"-8 (w i) Epoch 1839-25 

-199°-6(tt7)-0"-9(w2)- 1843-18 

- 200°-l (IT 6)-1"'0 (» 2)- 1853-08 
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Tlie assertion which I made in the Cycle (11. page 76) of a change both 
m angle and distance is confirmed; and my notion—there expressed—of the 
sraablance of its orbit, becomes somewhat countenanced. I hope it will meet 
with zealous attention among the astrometric corps, for it promises well, being 
no longer m cmtmtu, and therefore within reach of moderate means. 

OXXX. T* EEIDANI. 

Position AB 240°-8 (»i) Distance 15(r-0 (w i) Epoch 1836-90 

The measure of this distant star is repeated, because Captain Jacob per¬ 
ceived a dose companion to it at Madras. As he rates the magnitude at 10-7, 
I could ha'^vlly have overlooked it, although its place is very unfavourable in 
this latitude; and, indeed, he remarks that it "would seem to have lately 
emerged. "When I heard of this advent it was too late for me to fl-g-aTniTift 
it, but this is the mean of the Captain’s results:_ 

Position 287°-04 Distance 6"-47 Epoch 1857-956 
Captain Jacob had previously detected a close cornea to another star of the 
Cycle (see v Scorpii, poat) at Poonah. The two Struves have worked wonders 
in this lino; and both Dawes and myself have picked up some minute, but 
not unimportant, specks of light, with our moderate instruments. Tet Mr. 
Alvan Clark’s gleaning Struve’s fidd and there making a discovery of the 
duplicity of the companion to the oft-examined and measured jw. Herculis, with 
a telescope of only 7f inches aperture, of his own making, speaks highly for 
both oyo and instrument: and divers other proofs of his prowess will be 
found in the Monthly Notices of the Eoyal Astronomical Society. But there 
is no end of the findings of such an ardent gazer as this American is: he 
called upon me recently from Haddenham, where he was on a visit to the 
Eov. W. E. Dawes, and had there picked up three new delicate double-stars, 
all in parts of the heavens which have been regularly and unweariedly hunted 
over, both with the Dorpat and Pulkowa telescopes, and missed. Of these 99 
Herculis is a fine object, and one of promise. 
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OXXXrV. 98 P. Ill- EB-IDANI. 

Position 231°'8(w9) Distance 6"-9(™6) Epoch 1834-93 
__ 235°-9 (« 7) —-6"-0 4) --- 1845-81 

Prom the discrepaaoies noted in the Cycle (II. page 82), another epocli 
of this delicate object -was taken; and the results — strengthened hy those ol 
Captain Jacob in India soon afterwards—indicate a direct angular movomoiit. 
It was my intention to hare saluted it for further conviction in the apparition 
of 1858, but other pairs occupied me till it had gone into the sun. 


CXXXVI. 40 PBRSEI. 

Position 238°-2 (» 6) Distance 20"-6 (» 2) Epocu 1834-92 
__ 237°-8 (w 1 ) - 20"-l (w 4)- 1852-12 

As both the identity and early estimations of tliis dohcatis douhle-star 
have been rather confusedly treated, I took another epoch to learn what it 
had done in the eighteen years which had lapsed since my measures at lltHllord 
—especially as more than one of my working correspondents seemed to slight 
it rather unduly. The result, I think, completely establishes its Ibdty; nor 
can I find that it has any sensible amount of proper motion. 


CXLIII. 30 TAURI. 

Position 68°-6(«'8) Distance 9'^-0(i<i6) Epoch 1839-90 
-69°-2(wfl)-8"-6(wB)- 1858-10 

As Sir John Herschel stated that “ no conclusion could bo drawn respecting 
the motion or rest of this star,” it became desirable to give the question a 
coup de grace, although I was satisfied as to its relative fixity nearly twenty 
years before. It is a very neat and delicate object; but I should certainly, 

I 

on strict comparison at the last epoch, have registered B of the 9th magnitudes. 
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The colours did uot seem to be so decidedly strong as they were eighteen 
years before, for I should have entered them A greenish, B lilac.* 

OXLVII. 32 EBIDANI. 

Position 346°‘8 (w 0) Distance 6^^‘8 (w 9) Epoch 1838’09 

■ 346°-5 (w8)- Q/'-Q (^7) -- 1843.10 

- 347°-0 (®6) - 6//.8 („5) - 1850'30 

The &dty of this fine pair must now be accepted as established, and it 

affords another example of highly-tinted stars at rest, as noted under y Andro- 
mod®. I was very well convinced of this in 1843; but, as the object is one 
of those cited in Sestini’s list of coloured stars, I examined it with a darkened 
field at the last epoch, before making a measurement, under a power of 240, 
the usual eye-piece for chromatic experiments. The result was that I found 
for A bright yellow, and for B flushed blue—certainly not white. 

CLXV. 80 TAUEI. 

Position 13°'9 (« c) Distance l"-6 («S) Epoch 1832-16 
- 16°-2(«8) - l"-8(i»4) - 184311 

This difficult though fine double-star exhibits much discordance in the 
various measures that have appeared; and, though the results appear to justify 
my expressed opinion as to an orbital movement (Cycle II. page 101), yet such 
are the twirlings and irradiations attending the operation of the micrometer 
under illumination, that I cannot consider as yet the fact is proven At present 
there is tho semblance of an increase in the angular velocity, but without 


* The star before this in the Cycle, Alcyone, has drawn much attention of late, jfrom M. MSdler’s having 
established it as the centre around which all the visible stars revolve, (See page 41.) In my description of 
it, I submitted a corrected version of the fine aUusion to certain stars in Job; but, this not proving to be conclusively 
satisfactory, J applied to my learned friend S. M. Drach, F.E A.S., for a literal translation: the following is the 
reading which he renders:— 

Const thou bind the delightful dainties of Cheemah P 
Or the contractions of Ch’scel const thou open P 
Const thou draw forth Mozzoroth in his season P 
Or Ayeesh and her sons canst thou guide P 

2g2 
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the of dietoee which euoh a bmaty wcrald lequira; and Gaptam 

JaooVs recent meaeuies at Madras carry away the acmes m the opposite 
direction; hut he thiT.ta the moTememts are probably paroUatio, or idiat they 
may atiM from perturbation. Here, however, are his last results 
Position '7°’73 Distance 1''‘56 Epooh 1868'13 

AU this will be dear enough a few years hence. 

OLXVII. 68 PERSEI. 

Position B C 30“-3 (w 6) Distance 11-6 (m 6) Epoch 1838-21 

___ 29°-8 (to 7)-11'8 (w 6) '—- 1843*18 

This star, as sheim in the Cycle, is assumed as pointer to the pretty pair 
B and 0; the components of which, though small, admit of tolerably easy 
measurement, whence there has resulted a great accordance both in. angle ol 
position and distance. Indeed, except for Sir WillLam Hcrschd’a epoch of 
1782-69, the fixity of the pair might be considered as fully established. 

OLXX. 2 OAMELOPABiDI. 

Position 308°-7 (» 3) Distance 1"-7 3) Epoch 1836-28 

_ 307°-2 (tt 6)-1"'5 (® 4)- 1847-21 

This oTinrmiTig but difficult double star can hardly be considered to widen 
its distance, for the measures at Hartwell in 1847 were tahen under the most 
favouring circumstances; but stiU, under aU the liabilities of such an ol)joct, my 
observations cannot be reckoned conclusive. A small amount of proper motion 
in A has been detected by the careful scrutiay of the Hev. Bobort Main, tliiis: 

M = + os-002 N. P. D. = + 0"-ll 

OLXXXVIII. 14AUEIG^. 

Position AB 224°-6 (®8) Distance l3"-5(w(i) Epoch 1832-81 
- 225°*8(»8) - 14"-6(«>5)- 1863-11 

In the Cycle (II. page 115) I mentioned the suspicion of an orbital change 
which a comparison of the preceding observations gave rise to, and that my 
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interval of ten years did not confirm it. Skteen years after tlie measures on 
wliicli I had grounded my opinion I again attacked it; and the result, I think, 
is suflioient to ssttle tlio (question as to moyenieiLt. 

In the Cycle there is a slight typographical error in the distance of C in 
this triple star, which is noticed among the errata^ namely, instead of 

it should have been 16"-0, as the trijaing sum of weight would indicate. 

OLXXXIX. * liEPORIS. 

Position 359°‘5 (»ii 3) Distance 3"-7 (® 2) Epoch 1835-02 

-357°-9 (w C)-2"-8 (« 8)-1861-20 

Having boon,led to attack « afresh, although I had pronounced upon its 
fixity, I was surprised to find symptoms, though rather slight ones, of angular 
rotrocossion; with a diminution in the distance. It was therefore placed 
among somo objects which I requested Lord Wrottesley to re-examine for me, 
for the sake of independent comparison. His Lordship’s results effectually 
dissipatod aU the symptoms of motion in this fine pair, they.being:_ 

Position 359°-69' Distance 3"-250 Epoch 1857-906 
0X0. 3 OEIONIS. 

Position 199'’-4 («9) Distance 9"-5 p fl) Epoch 1832-07 

-199°-6 (w 8)-9"-6 (» 5) - 1850-15 

Though there could be no reasonable doubt as to the fixity of this well- 
obsorvod object, it was re-moasured by way of training the eye for encountering 
disparity, both in magnitude and brilliance, for which this fine star and a 
Lyra) are so admirably adapted. But it is not a little singular that a pair 
presenting seeming difficulties should, from 1781 to 1860, keep such accordant 
places, though examined under a variety of different instruments (Cycle, II. 
page lie). The proper motion assigned to the lucida by Piazzi, is confirmed 
by the recent critical investigation of Mr. Main, whose values are:— 

^ - Ob-001 N. P. D. = + <y'-02 
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OGV. 118 TATJRI. 

Position 195° 9 («o) Distance 6"-0 («o) Epoch 1838-91 

_197°-4 (w 1 ) - 6"‘5 (« 6) - 1868-10 

The fixity alluded to iu the Cycle (II. page 124), under aU probable 
errors of iustrument and lapsed tune, must be considered as confirmed by the 
last epoch. The difference of nearly ‘6° in angle since Sir W. Herschel first 
measured it may be a consequence of parallactic action; but it is dear that 
the distance has remained steady throughout the seventy-five years dui-ing 
which it has been tmder scrutiny,—varying only from Struve’s 4/^'89 to Hcrschol 
and South’s 6"-66, as shewn in their respective catalogues. 

OOYIII. 3 LEPOHIS. 

Position 67°-6 («1) Distance 210"-0 («>ij Epoch 1832-00 
This star is not introduced here on account of its distant companion, but 
because A. is reported to be dose double, the components being rated ol 4 
and 4§ magnitudes. I have hitherto been unable to prove this, although I have 
attempted it several times, with powers varying from 240 to 860; and par¬ 
ticularly on the fine night of February 4th, 1868, when the glimpse stars in 
the following field were perfectly distinct. It may be “ coming out,” and should 
be carefully watched by those who possess sufftcient means- 

COXV. OEIONIS. 

Position 42°-5 («>8) Distance 4"-6 (®8) Epoch 1833-17 

__43°-0 (w9) -4‘^^-6 (wfi)- 1843-19 

- 4i°-9(tii6)-4"-8(wi)- 1867-11 

It win be seen by the weights of the middle of these epochs that I was 
satisfied of the fixity of this object; but, as a fair opportunity feU in my way 
of ratifying the conjecture, after a considerable lapse of time, I re-measured 
the neat double star. The early measures (Oyde, II. page 129) gave an in- 
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feronco of angular retrocession,—but on considering all the causes—instrumental 
and pcMonal—for slight discordances, I am inclined to repeat my conviction 
that this pretty pair is without any appreciable motion as yet. On the last 
occasion the field was darkened after the measures were taken, to observe the 
colours, when, by two pair of eyes, A was pronounced creamy white, and B pale 
purple: M. Dembowski states A yellow, B blue, in 1866-oo«fem sHres. 


OOXX. 26 AUEIGJ]. 

PostTTOK 267° 8(w9) Distaucb 12"-3(w9) Epoch 1833-09 

- 267°-3(»7) -11"-8(»7)- 1848-10 

- 268°-4 (te 7)-12"-1 (to 6) - 1853-98 

The retrograde motion hinted at in the Cycle (II. page 136), assuredly 
must bo given over, since aU the late measures combine against its existence: 
and to make assurance doubly sure, I requested Lord Wrottesley to measure 
the pair at a still more recent period. And these are the results which— 
vn'th his wonted alacrity—he kindly h?i. Ti flAfl to me:— 

Position 268°-5 Distance 12-"014 Epoch 1858-228 

A is suspected of variability, and at my last gazing at it in 1867 was more 
like by comparison with its neighbour, than the fifth magnitude: the 
observation was, however, inconclusive. The slight proper motion formerly 
assigned to it, is disappearing under renewed meridional operations. 

OOXXIII. ? OEIONIS. 

Position AB 148°-8 («- o) Distance 2"-6 (® 8 ) Epoch 1839-19 
- 149°-4(®9)-2"-5(®8) - 1846-16 

I am perfectly satisfied of the fixity of this fine pair, and that Sir WiUiam 
llorsohel, from some unknown cause, must have missed B (see Cycle II. 
page 137); which was afterwards discovered by M. Kunowski. live years 
after my ro-oxamination of it, Mr. Eletcher of Tarn Bank found it in— 
Position 149-68 Distance 2-672 Epoch 1851*11 
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and by his, appreciation, both the components axe yellow. Struye, perplexed 
with the hue of B, dubbs it olw(Mse<mthrvhi(mhda. The researches of the Bev. 
E. Main (see i} Oassiopaea) find proper motions for A, to these values— 

^ — 08-002 N.P.D. = + 0"-03 

COXLV. 8 MONOOEBOTIS. 

Position 23°-8 (®8) Distance 12"-9 («8) Epoch 1834-19 
_2/5°-0 (w8) -—■ 13"-4 («>6) - 1853-15 

By these positions, with an interval of nineteen years, the presumption of 
a retrograde movement in angle must be dismissed (Cycle, II. page 14i9); and 
its fixity is pretty apparent. Notwithstanding Sestini has entered this lino 
pair as A pale yeUow, and B yeUowish, they certainly were thought at the last 
epoch, under powers of 240 and 416, to be nearly aa described in the Cycle, 
namely, A golden yellow, and B flushed blue, or lilac; the object being in 
better definition than when the tints were reviewed in 1860. 

CCL. 11MONOCBEOTIS. 

Position AB 130°-3 («-?) Distance 7"-2 (ti-s) ^ 

_121° 6 («>81-9"-6 (*»8) C Epoch 1834-02 

_BC 1029-3 (w 7)-2"-8 (»1) ' 

-AB 131° 6 (a> 7)-'7"-4 (« 6) >1 

-AC 123°-8 (wO)- 10"-0 (to 4) 1847-1.3 

-BO 102°-5 (to 8 )-2"-6 (w 3) J 

In the Cycle (II. page 162), following Sir William Herschel, I designated 
this very beautiful object a “fine triple star;” but it certainly ought to have 
been registered quadruple; as it appears, on the same quoted page, that it was 
so called by his son and Sir James South, on their re-examination of it. 

The compressed cluster to the north, in the same constellation. No. 
OCLI. of the Cycle, is entered erroneously on page 162, as being 22“ 46*; 

but it should have been 6’* 22“ 26®, as noted in the list of Errata; from 

which, it is hoped, practical men amend their catalogues by a coup de pluwie 

over the detected errors, or vexation' may follow. 
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COLVIL 12LyNOIS. 


Position AB 149'’-5 (w B) 

- AO 306°’6 (w 9) 

-AB 143°-7 (w7) 

-AC 306°-3 (i® 6) 


Distance IH (^.9) 
- 8"-9 (« 9) ) 


l"-6 (wryj 
9"-0 (wB)f 


1862-96 


My last measuies of this neat triple star certainly beax out my surmise 
(Cycle, II. page 166), respectiag the probable effect of the retrogradatioii of 
A and B, as regards their position with 0, their relative position having 
changed upwards of 32° in 72 years. When the last measures were secured, 
the held of view was darkened for a re-examination of the colours, when it 
was decided—by four eyes—^that A is of a bright white, B a slightly flushed 
white, and 0 a pale blue: in fact, all but the same as they appeared in 1839. 


COLXVIII. 38 GEMINORTJM 

Position 170°-7 (w 9) Distance 5"-8 (w 7) Epoch 1839-17 

- 169°-6(u8)-6''-0(«'C)- 1848-22 

-170°-2(»8)-6"-6(w5) - 1849-19 

The amount of annual retrograde motion given in the Oyde (II. page 
106), has not been proved by my later measures; still, on a consideration of 
all the measures I have there cited, we can entertain no doubt of a slow dimi¬ 
nution of angle in 70 years. The colours were re-examined as a test because 
Mr. Dawes, imder most favourable circumstances, made A yeUow and B blue. 
On returning to the charge, I find for A pale yellow, and for B purple, as in 
1836. Mr. Eletcher also considers A to be yellow, and B purple; and here 
is the result of his latest set of micrometrical observations— 

Position 168°-87 Distance 6"-261 Epoch 1861-89 

This fine object may be properly placed on the agenda of the Observatory, 
as shewing very fair claims—in a retrogade motion of orbit with a probable 
decrease of distance—to binarity. 
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COLXXI. fiu OANIS MAJORIS. 

Position 342 °- 9 (w 8 ) Distance 3"'5(»6) Epoch 1834-15 
- 338°-8 (w 6)-3"-0 (» i) - 1860-79 

This is a very fine object, but one the measures of which are rather 

anomalous; for though, on the whole, there seems reason to think there 

are symptoms of orbital retrogradation, a consideration of the infirmities of 

operating on such a pair -will leave the question in douht. However, it is to 

be hoped that it will be well watched, and a few years wiU disdose much. 

Mr. Eletcher obtained an epoch since my last, to the following effect— 

Position 338°-02 Distance 2"-947 Epoch 1862-60 

OOLXXIII. e CANIS MAJOEIS. 

Position 84®-6 (wS) Distance ^11 = 24s-i («2) Epoch 1834*83 
When I marked this distant companion for e, and at other times, the 
star was so low, and so beset with variable refractions and the abominations 
of a neighbouring brickfield, that, as I said (Cycle II. page 167), I could not 
see the nearer comes. At the Cape of Good Hope, however, matters were 
different, 6 was at a respectable altitude, and my indefatigable friend Mr. 
Maclear saw this little fellow as a sharp point; the lucida and it being related 
in magnitude, as Eigel and his companion. By a mean of measurements 
which he obtained with some difQ.culty, the places were 

Position 160° 26' Distance 7"*48 Epoch 1860*105 

COLXXIV. 301 P. VI. LTNOI8. 

Position 168°-9 (« 8) Distance 3"*2 (» 6) Epoch 1833*21 
-159°-4 («> 9 )- 3"'0 (» 9 ) - 1843*19 

All the discordances which yet appear in the various measures of this neat 
and delicate double-star, may be assignable to other causes thflu motion; for on 
the whole, making certain due though arbitrary allowance, the distance appears 
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constant, and the angle of position pretty nearly so. StiU it bears so little 
the aspect of an optical object, that it may be recommended for watching. 

OOLXXXIII. gGEMINORUM. 

Position 196’8 (is 9) Distance 7"-2 (w o) Erocu 1838-92 
-199-8 (w 8) -7"-5 («.4)-1847-33 

Since the remarks on this delicate double-star were written (Cycle, II. page 
173), a direct orbital movement is established, perhaps to the amount of 0°*18 
per annum; for, on the whole, my measures indicate a slight change in the 
angle of position. Under all circumstances, however, more measures, at longer 
intervals, will be necessary to confirm any notion of physical motion. Mr. 
Eletchor, who also thinks B may prove to be a revolver, has established an 
epoch, since mine was taken, with those values: 

Position 200°-67 Distance 7"'321 Epoou 1861-07 


OOXOII. a GEMINOEUM. 

Position AB 254°‘9 (w 7) Distance 4"-8 {»4) i i838-33 

-AO 1620-2 (to 7)-72"-4 (w 6) J 

-AB 2620-3 (w 0)-4"-9 (w O) i_ 1843-13 

- AO 1620-6 (« 7)-73"-0 («> 6) > 

-AB 2500-4 («7) - 4"-7 («>4) - 1846-82 

-AB 248°-1(®0) - 4"-9(mC) - 1849-17 

This neat double star—in some respects the finest in our northern hemi¬ 
sphere—is highly interesting as a binary system (Cycle, II. pages 177-9). 
AJFter I had obtained the measures in 1846, Mr. Hind forwarded me his orbit 
for Castor, which, on examination, I found to differ from those alluded to 
in my description; and that, instead of an rnmm magnm of 240 years which my 
card-board sectors gave, its period by Hind’s Elements is no less than 632 years, 
and he has since been nearly corroborated by Captain Jacob. “I have 
recently calculated the elements of Castor and 8 Coronse,” said he to me under 
date of 10th November 1846, “ by Sir John Herschel’s method, with his 

2 H 2 
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late improvements, for which. I am indebted to his kindness. You will no 
doubt be surprised at the a.Tnfl.7.iTig difference between former orbits of Gasl.op 
and my own; but the observations which have been made since 1835 g‘ivo 
quite another form to the ellipse. I only consider my elements at the most 
a fair approximation. A very few years more must enlighten us considerably.*’ 
StDl there remained the objection which I started, respecting the motions 
as to angle and distance not being in unison with theory: some observations, 
however, made after mine were printed, may, I think, convince us that the 
distance is so on the increase as to countenance the diminution in angle. Ih’oiu 
Mr. Isaac Yletcher, of Tam Bank, we have:— 

Position AB 247°-97 Distance 5"’076 l gpQQjj i8fl2'12 

- AC 163°a3-72°-14'4 S 

-AB 246°-66-5°-309 18r)7‘28 

In addition to the physical connexional changes, the proper motions in spaf;i*. 
must be considered, for by the Bev. Mr. Main’s process, mentioned unditr 
1 ) Oassiopsea Cmte, page 218), the values are found to amount to 

= — o«'Ol3 N.P.D. = + 0"-08 


COXOVIII. a OANIS MINOBIS. 

Position 85°-0 (w i) Distance 145"-0 («i) Epoch 1833-81 
As Procyon had been one of Piazzi’s principal parallax stars (Cycle, II. 
page 183), I gave it as a companion the nearest distinct star in the field, in caHo 
it should be again in requisition for that purpose; and it was then shhimg 
in mid-distance between the lucida and an 8i magnitude yellow star in the 
foUowing field about 6i minutes off. In this position it was soon both hy 
Mr. I. Pletcher in Cumberland, and the Eev. T. W. Webb in Horofordsliiro, 
even after it had been declared » missing ” ia America. (See the Astronomical 
Monthly Notices, vol. xui.) There is something strange and unaccountable in 
the matter: at first I thought the absentee might be a planetoid, but its 
having been seen for several years forbids the assumption, wliile simUar 
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(liHiciiltiGa attend the idea of variability. At present, all I can do in the mystery 
is to place the fact on record, and leave time to unravel it; in aid of which I 
add an extract of Mr. I’letoher’s letter to the Bioyal Astronomical Society, 
dated May Bth, 1853 (see Monthly Notices, vol. xiii. page 222). 

In 1848, Mr. Bond, of the Camhridge U.S. Observatory, announced that the small star was 
“ missing." In 1850 I saw and measured the position of the companion with ease, and estimated 
it as of the ninth magnitude. My measures gave this result:— 

1850'17 Position 84° ly 

During the ^ring of this year I have looked most oarefidly for this smaE star with my 6-foot 
achromatic, but 1 have never obtained a trace of its existence. 

At the beginning of last year, the weather being singularly favourable, I 
instituted a search for the absentee’s re-appearance; hut, though I teazed the 
spot under powers 340 to 850, 1 returned re infeetd. StUl, being much struck 
with ovanoscont glimpses of light near the place, which I could not make 
positive, I requested Mr. Dawes to apply his eight-inch object-glass upon it; 
and this energetic astronomer, though suffering under a severe neuralgic head¬ 
ache, mulELod himself up and started off to the Observatory at Hopefield, which 
is at some distance from his then temporary residence. By a letter written 
on the following morning—9th February, 1868, he informed me that he " could 
detect nothing worthy of being called a star” in the position of the missing 
comes; but that, “while poking about,” he picked up a very small companion 
to Procyon, which he had never heard of before, very delicate indeed, in 

those rather estimated than measured places— 

Position 286° ± Distance 48" ± 

■While I was pondering over this phenomenon, my friend Mr. E. J. Cooper, 
of Markrce Castle, sent me the fourth volume of his Ecliptic Stars, wherein he 
shows a very extraordinary table, namely—“A list of stars given in the 
Markreo Catalogue, now missing”: and this gentleman has since informed 
me that he has no doubt that above half of them wUl prove to be asteroids, 
since they were aH well observed. This communication adds largely to what 
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I advaaced—after enumerating Hersohel’s insulated stars—of stellar disap¬ 
pearances (Cyde, I. pages 274-6): and there is a remarkable paper in point 
by M. Ohacomac, of the Imperial Observatory at Paris, “On several Stars 
which have disappeared from his Ecliptical Charts.” This the reader wiU find 
in the Royal Astronomical Society’s Monthly Notices, vol. xv. 

Piazzi erred less in the proper motions of this star, than he did in its 
parallax, for from the scrutiny and comparison of the Rev. Robert Main, we have 

M = —0»-048 N.P.D. = + l"-08 

It will be recollected that this special movement, compared with its want of 
uniformity with almost the same amount in a Oanis Majoris, led Bessel to 
hazard the bold speculation that Sirius and Procyon are binary systems, in 
which one only of the two stars is visible, because only one is luminous; tho 
variability observed arising from their relative orbital motion about their 
common centre of gravity—light being no property of mass, nor the existence 
of numberless visible stars any proof against the existence of numberless invisible 
ones. At least the irregularities which Bessel detected, could only be ejqiladned 
by Sinus and Procyon moving in orbits under the influence of central forces, 
and consequently roimd another star, which, being invisible, must be an 
opaque and non-luminous one. Time will decide. 

OCOIV. K GIMINORTJM. 

PosiTiOM'231°-9 (^’6) Distaxob 6"-0(«i>4) Epoch 1838'98 
-232°-3 (v>B) -5"-8(«8) - 1851-21 

Exom the increase of angle between Mr. Dawes’s epoch and mine, as 
seen in the Cycle (II. page 186), I was led to attack this elegant but delicate 
object again, and obtained the above results. But, on firmly gazing with 
and power, the small star is too conspicuous to be shiTiiTig by reflected light, 
as suggested by Sir John Herschel,—at least, so it struck me. The second 
epoch of Mr. Dawes yielded these results:— 

Position 232°'67 Distance 6"-183 Epoch 1841-201 
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OOOXV. fOANORI. 


Position AB 5°-2 (»8) 

-AC 148°-2 (w 9) 

-AB 355°-1 (a>8) 

-AC 147°-2 (» 9) 

-AB 346°-6 (» 6) 

-AC 147°-4 («>6) 

-AB 322°-7 (« 8) 

-AC 144°-] (« 8) 


Distance 1''-3 («.8) ^ggg.gg 

-5"-l (® 6) 3 


- r-2(»6)j 

- r'-0(»8)> 

- 6"-0(a.8)3 

- 0"'9 («.3)i 

- 4"‘8 (w 6) ^ 


1843-11 

1847-28 

1863-17 


Sinco I moationed some of tlie probable elements of this -wonderfal ternary 
system (Cycle, II. page 194), additional observations have brought the orbit 
of A and B so nearly circular that the time of its periodic revolution cannot 
bo much short of a century; while the retrocessive movement of A and 0 
may bo noted as —0-47 per annum; a sensible change, but one which will 
require ages for the performance of its revolution. Moreover the mutual 
action of the throe bodies must necessarily exercise a disturbing force. 

Mr. Bletchcr took some measures of this interesting object nearly at the 
same time with my last epoch, and these are the results:— 

Position AC 143°-68 Distance 4"‘842 Epoch 1862-49 
-AB 321°-06 - 1"-100 - 1863-30 


, ooexx. <p* OANCRI. 

Position 212°-5 («i9) Distance 4"-8 (io9) Epoch 1833-26 

_ 213°-9 (w ®) - 4"-8 (“ ®) -- 1843-19 

_ 214°-2 (w 7) - 6"-0 6) - 1867-22 

I was woU satished of the fixity of the fine and close double star (Cycle, 
II. page 196 ), but that a doubt was thrown in by a friend’s measurement, 
which implied a retrocession in orbit. My last epoch, however, may be held 
conclusive as to a retrograde movement; for, difidcult as the measures may 
bo, if the fixity be not adhered to, the comparisons would certainly mdicate 
a slow direct motion in orbit. Bitty years hence it will be clear enough. By the 
Baron Dembowski, both components are equal in magnitude. 
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COOXXI. u' OANOBI. 

PoaiTioir 38°'6 (w 8) Distaitcb 6"-7 (w 6) Erocu 1837*20 
- 40°-1(w9)- 5"*8(«;8) - 1843*18 

The retrograde motion of —0°*614 (Oyde II. page 196), which wuh- inlV'mul 
from a comparison of my first epoch with that of Sir "Willianii Jicrstditil, 
is not only negatived by my measures at Hartwell, but they also Jifibrd a 
slight evidence that, if there be any orbital movement, it must bo dirocl. 
The colours at the last epoch, in a darkened field with power 240, A 

creamy white, and B pale blue: the Cycle magnitudes arc from Piuz/i. 

OOCXXVI. 108 P. VIII. HTDEiE. 

Position 24° 9 (» 9) Distance 10"*5 (« O) Eroon 1839*00 

- 26°*7(»8)-10"*4(w6)- 1849*13 

This neat object, which is designated 18 Hydrae by some, must now 
be pronounced in a state of fixity; the differences in angle being assignablo 
to possible instrumental and personal errors of observation. Having nwivi^d 
Sestini’s list of the colours of double stars, and finding that ho called lliesi* 
two components yellow, I took some pains in re-oxamining them in order 
to fix a point; and the aid of Mrs. Smyth and Dr. Loo wJks called in. Th(‘ 
result was, that A must be termed full yeUow, and B a Hushed whiti^ or 
pale pink : at the same time the assigned magnitude of B was conllrtmul. 

OOOXXXVIII. eHYDEiE. 

Position 191°*1 (w 9) Distance 3"*5 (w e) Epoon 1839*23 

- 203°*2(»9)-S"*6(«8)-1843.14 

On comparing all the places of this lovely object, I think a direct 
orbital movement may be traced, amonnting to about 0°*66 per annum: 
but the supposed decrease of distance is not yet confirmed. Mr. Fletcher’s 
observations, taken at Tarn Bank nearly ten years after my last epoch, give 

Position 208°*62 Distance 3"*578 Epoon 1862 96 
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Mr. Main, by the rigorous comparison ■which I mentioned •under 13 
Cassiopsea, found that the proper motions assignable to A were 

M = — 0»-013 N.P.D. = + 0"-04 

CCOXLIII. 17 HTDEiE. 

Position 357®'8 (w 9) Distance 4"-5 (m o) Epoch 1838-12 
- 3580*5 (IT 8 )- 4"-5 (« 6 ) - 1849-21 

Among the revelations of astronomy, that of double stars is one of 
the most curious and interesting, especially in branching into its two divisions— 
optical and physical (Cycle, I. page 293). Now, the fine object before us 
being one of those pairs of which the proximity is accidental, I was well- 
assured of its relative fixity (Cycle, II. page 208); but it was measured 
afresh, on the ground that B, being at a remoter distance than A, might 
show a proper motion in the latter. But the problem still requires time, 
and on the whole is, perhaps, a case for the large heUometers. 

OCCLVII. a. LEONIS. 

Position 356°-0 (w 2) Distance elongated (« i) Epoch 1839-33 
-193°-0(io3)-0"-3 (»I) - 1843-14 

It ■will be seen in the Cycle, (II. page 216) how little reManoo is to be 
placed in my estimations, or rather guesses, respecting this difficult and egg- 
shaped but exquisitely cuneated object. Indeed it was only mis-shapen to me 
by glimpses, nor would I even make an affidavit that I had a firm view of the 
elongation. But its being one of Struve’s pervicineB has not precluded it from 
being recognized as a binary system; and M. Madlor has ably calculated the 
elements of an orbit, haviug a period of 82'633 years. 

CGCLXXVI. 7 LEONIS. 

Position 106°-0 (w 9) Distance 2"-6 (w o) Epoch 1889-23 
- 107°-2(«9)-2"-8(«>9) - 1843-18 

The colours of the components of this very beautiful pair were re-examined, 

2 I 
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and without referring to the Cycle, noted A flushed yellow, and B a similar 
tint but paler. Mr. Bletcher obtained an epoch ten years after my last, at 
the Tam Bani observatory, of which the values are 

Position 108®'43 Distance 3"‘003 Epoch 1853-21 
which in round terms shows a change of angle amounting to about 26° in 
71 years; thus proving the slow direct movement to which I alluded in the Cycle 
(II. page 228). But the duration of the cmwus magrms, as there stated, may 
perhaps, on further consideration, be much reduced. 

While here, those who will not refer to a table of Mrrata may be reminded, 
that on the preceding page 227, line 6, N.P.I). 77i* 16“ 12«, ought to have 
been 77° 15' 12". The typical error, however, wfll be obvious enough. 

OCCLXXIX. 67 P. X. LEONIS. 

Position 64°-8(is6) Distance 3"-0(to3) Epoch 1831-18 

- 65°-3 { v , 7)-3"-5 6)- 1843-16 

-67°-5 (w 6)-3"-5 (w 6)- 1853-22 

These last results have induced me to suspend the opinion which I gave 
in the Cycle (II. page 230), that this “beautiful but delicate object is only 
optical;” for, though the measures are somewhat impaired by the diffusion 
of light and moulding of the components while under operation, they are 
sufficiently strong to indicate a progressive movement in orbit, which, however 
slow it may appear, should be looked after by the future astrometor. 

CCOBXXXI. 49 LEONIS. 

Position 158°-1 <■» 6) Distance 2"-6 (w 6) Epoch 1838-37 
-159°-0 { v , 7)-2"-8 (tt 8) - 1855-29 

In the Cycle (II. page 231) it will be seen, that from the great difference 
between Struve’s angle and mine, in an interval of only 7^ years, I thought 
a retrograde angular motion was indicated. This, however, was expressed 
■with caution, and left questionable. But, though the object is extremely 
^ delicate, and at times not at all of easy measurement, I am pretty well satisfied 
■with my last operations; and therefore pronounce for its fixity. 
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CCOXOI. 54 LEONIS. 

PosiTiow 102°’7 (w 8) Distance 6"‘2 (w 8) Epoch 1839'33 
-103°-3 (® 8)-6"-4 (w 6)- 1855'29 

The sentence I passed in the Cycle (II. p^tge 236), that little change 
r>n.n have taken place in this pretty pair in 68 years, is now confirmed by 
observations made after an interval of over 74 years. Indeed I was pretty 
well satisfied of its fixity, on making all allowances; but, finding the accu¬ 
rate Mr. Dawes had obtained a position of 105°‘18 in the winter of 1846, 

I again placed it on my working agenda for another attack. 

COOOYI. ^ ITESJl MAJOEIS. 

Position 156°-9 f«8) Distance 2"-0(wO) Epoch 1839'23 

-143°-2(w9)-2"'3(w6)- 1843'16 

_136°-1 (VI 7) -2"-8 (m 4)- 1846-76 

_132°-8(to 8) --3"-0(w6)- 1849-18 

-l23°-5 (it 7) -2"'-9 (w 4)-1861-31 

This very interesting binary system has been weE watched, and its 
motions most ably discussed, though substantially it remains as described in 
the Cycle (pages 246, 247). In that description I alluded to the great discor¬ 
dances in the value of its orbital movement,—and they are not yet removed 
by observation, insomuch that the aid of perturbation and proper motion is 
called in. Sir John Herschel, reasoning on such apparent anomalies, observes 
that the two halves of the orbits seem to belong to different ellipses, Dy 
graphically projecting the places of the various epochs, we are led to an ellipse 
of which the gravest elements are 9B°-5 for the node, 0*4360 for the ex- 
centricity, and about 60 years for the period; which is in fair agreement 
•with my former conclusion, as mentioned in the Cycle (II. page 247): and, 
on comparison, the computed places agree tolerably with the observed values. 
Erom Mr. Eletcher’s last measures, obligingly made for my use, we have 
Position 111°-25 Distance 2"-992 Epoch 1867-40 

2 I 2 
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COOOXI. « LEONIS. 

Position 87°‘7 (»e) Distance 2"-4 («? 3) Epoch l>S39-.‘}2 

-86°-0 (® 8) 2"-5 (» 4) - 1843*38 

-81°*3 (»r) -2"*S (®4)-1853*2}) 

In treating of this beautiful pair in the Cycle (II. page 250), I iniMi- 
tioned that I scrupled not to designate it a binary system; and from oliHcr- 
vations in various quarters, in addition to my ovm, the binarity is now fully 
proven. The measures of Mr. Dawes, to which I there aUudod, gave 
Position 85°*27 Distance 2"*628 Epoch 1843*26 
and since my last epoch, Mj. Eletcher has handed mo the following— 

Position 81o*43" Distance 2"*092 Epoch 1855*27 

On the whole, the series of operations on components so um'iiual may 
be said to indicate a retrograde movement in angle of about 0°*6 p( 5 r aninnn, 
instead of 0°*834 as concluded by the elder Struve. It is possible that t.lio 
distance may be on the increase, though certainly not as shown by tlu' 

measures, but in that to the senses it seems easier that it was. Iji th(^ Cycih^ 

I gave three values for the proper motions, but an astrojiomor thought t.luy 
were still more sensible. That question maybe considered as disposed of by 
the investigation of the Rev. R. M!ain, who gives the quantity— 

iR = + 08*007 N.P.D. + 0"*07 

The colours were again scrutinized in 1867, under a darkened fiidd, when 
A was pronounced to he a fine yeUow, and B a decided blue. 

OCCOXVI. 67 URSJl MAJORIS. 

Position 9°*9 (w 8) Distance 5"*9 6) Epoch 18;)5*42 

8°*3 (w7) - s'‘6 (»4)- 1846*38 

This fine double star was re-measured rather to test how B-suspected 
of TmaliUty-would bear mmmnation again, than for the sake of anoUior 
epoch of an object so apparently in a state of flilty. Tho result, hotrovor 
nnder aU allowances, certainly grres indication of a probable retrograde mothm 
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in orbit, and it may therefore be recommended for watching. As to B, by my 
rulc-of-thumb comparison, it again appeared as a bold 9th-magnitade yiolet- 
tintod star; yet it has been recorded as a red lOth,. Can this result from 
change? Mr. Hind thiTiTca that alterations of brilliance are accompanied 
by alternations of hue: that severable variable stars increase blue, are yellow 
after •mn.Yi-muTn j flash red in decreasing, and, at their minimum brightness are 
surrounded with a kind of fog. This interesting suggestion awaits the fiat 
of oon0.rmation, but it is, notwithstanding, pregnant with meaning. 

OOOOXX. 17 OEATERIS. 

Position 207°'8 (wS) Distance 10"‘1 (to2) Epoch 1833'21 
_ 259°'8 (® 6)-9"-3 (» 3) - 1846-38 

This neat double star was also watched, like 57 XJrsse Majoris, on account 
of the suspected variability of B; it having been registered, by various ob¬ 
servers, from to the 8th magnitude, while I have adhered, agreably to the 
rule I have mentioned, to the 7th, as recorded by Piazzi. However had I, 
upon systematic comparison, found it different, the fact, of course, would have 
been duly noticed. In our latitude the star is low down, and liable to be 
involved in variable refractions; but Sir John Herschel, who measured this 
pair at the Oapo of Good Hope, with an advantageous altitude, registered it 

as being of the 6th degree of brightness in 1835. 

As there were appearances of a direct orbital motion, I re(juested Lord 
Wrottcsloy to give me an epoch with his equatoreal for further comparison, 
and of the consequent observations, these are the values— 

POSITION 211°-39 Distance 8"*819 Mags. 6 and 5j- Epoch 1857-292 
whereby the increase of angle with a diminution of distance is confirmed; and 
the reason for the non-influence of the proper motions of A which I advanced 
in the Cycle (II. page 265) is borne out. The value of this movement m 
space was there given for A only; but, as the relative sitnations of A and B 
had not altered, so that a physical connection was obvious, Mr. Mam treated 
the components as one mass; and, comparing its place in the Greenwich 



246 


SPEOTILUM HAETWELLIANUM. 


Catalogue of 2156 stars with other meridional registers, luond tlu» |)i‘(ip(‘i’ 
motion in jB. = —O''005, and in north polar distance = —O'll. 


COCCXXXIII. 2 COM^ BERENIOIS. 

Position 239°-9 (w 9) Distance 3"’6 (w s) Epoch 1839‘37 

- 238°-5(»8) - 3"-6(w6)- 1849-35 

- 240°-2 (» 9)-3"-3 (a. 7)- 1855-28 

Notwithstandiug my satisfaction with the results of the oy)ocb ol* 
and the opinion expressed thereon in the Cycle (II. page 201), I was hmijilcd 
by two fine nights in succession to return to this admirable ol)j<'ct. 'riic. 
circumstances were equally favourable with those recorded in 1840; and n 
very careful review of the whole measures taken between 1832 and 1855, 
compared with those of other astrometers from 1782, has convinced me of Ibe 
optical nature and consequent fijdty of this very neat pair. 


Position 169°-9 Distance 3"-8 Epoch 1858-39 

Ve have now airiyed nt a Tory extraordinaiy and oradally imporiniit nslro- 
nomioal fact, namdy. a wdl-ascertained instance of one sun actually hwoIvIub 
round another sun. under similar dynamics with those of oui- Sota Systcro- 
to w 1 ^, until lately, the attention of astronomers was almost oxclusivoly 
■ectad. Indeed, before the adyent of Wright and MM. tlio sidomil Imuv.™ 
W® mostly regarded as a mere aasemblage of feed stars, so uucl.m,gi„g in 
to ap^^ and unraried in their eharaoter as to possess vcy little inuLi 
^ce them the speoulations and labours of such master-minds as , «^ 
^t. Inmhert. and Sir William Herachel. haye fuiiy demonstraW the folia y 

- •»- • - >— 

the “O®* interesting binary star in 

the eighth chapter of this book, I need onlv imw. ^ ^ 

xeaultn before the perseyering reader. mL ““ 

taken in the twdye weli-spent oyenings on which they dep“^.! 
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Date. 

U 


Position. 

/L 

Wght 

w. 

to. 

( Z —170°) 

(t- 

u;. 

-1858) 

i 

1 

o 

Disianoo. 

A 

■Wght. 

w. 

w. 

(A—4") 

j 

1858. 
Peb. 4, 

•10 

o / 

169 „43 

40 

t 

— 680 

+ 

400 

8 

it 

3-44 

24 

— 1344 

c 

- 8, 

•11 

169 „ 86 

36 

— 864 


396 

7 

4-01 

16 

+ 

16 

4 

- 18, 

•14 

170 „ 31 

46 

+ 1426 


644 

9 


20 

+ 

20 

6 

May 6, 

■36 

170 „ 53 

40 

+ 2120 


1400 

8 

8-66 

19 

— 865 

6 

- 7, 

■35 

169 „ 56 

44 

— 176 


1540 

7 



— 300 

6 

- 8, 

•36 

170 „ 37 

41 

+ 1517 


1476 

7 

3*56 

24 

— 1066 

6 

- 10. 

-36 

170 „ 23 

42 

+ 

966 


1512 

7 

3-97 

29 

— 87 

6 

- 11, 

-36 

169 „ 16 

45 

— 2025 


1620 

7 

3-97 

24 

— 72 

6 

June 13, 

•46 

169 „ 30 

20 

— 600 


920 

6 

8-79 

18 

— 378 


-14, 

•46 

168 „ 67 

35 

— 2205 


ICIO 

7 

4-11 

24 

+ 264 


-16, 

•46 

168 „ 54 

48 

— 3168 


2208 

8 

4'15 

31 

+ 465 

8 

-18, 

•47 

170,, 9 

40 

+ 

SCO 


1880 

8 

3-43 

25 

— 1425 

6 


308 


—268 

+209 

— 9718 

+ 6389 


15606 

89 


—193 

+ 97 

— 5617 

+ 771 

72 


CONCLUSION. 

Sum of *•«>•), .'.moan of POSITrON = 169°, 54''31 

Sum of (A w.), meau of DISTANCE = 3"‘7937 

Sum of (w. u), mean of EPOCH = 1868'392 


CoircBpondiug Angles and Distances forwarded expressly for comparison with, the above 
Measures, Jrom the following Observatories, namely:— 

Observatory. Position. Distance. Epoch. Observer. 

Gbeenwich 168° ,,30'.. 3"-847 .. 1858-48 .. E. Main. 

Hadpenham -168 „ 47 .. 3"*682 .. 1858-45 .. W. R Dawes. 

Tarn Bank .... 170 „ 01 .. 3"-567 .. 1858-387 .. I. Fktcher. 

Wrotteslbt .. 170 „ 42 .. 3"-401 ., 1858-476 .. F . Morton. 
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COCOLXII. 36 ooum BEE.ENICIS. 

Position AB 30°-0 (®. i) Distance 1"’0 (“• 0 # .Epoph 1834-38 

- AC 126°-5 (». 8) - 28"-8 («. 6) J 

- AB 42°-0 (ifl. 2) - l"-5 (». 1)- 1843-32 

Wlien my jSj-st measures were taJcen at Bedford, there were anticipations 
that this delicate object would turn out to be a ternary system; but A and 0 
are decidedly mere optical objects, as stated in the Cycle (II. page 286). A 
and B haye, howeyer, apparently a direct progression of about 0®‘6‘ per annum; 
a conclusion which calls for confirmation. In 1853 in merely gazing with a 
negative eye-piece magnifying 240 times, in a darkened fiield, the colours came 
up bright and clear, A being pale yellow, B lilac, and 0 a fall blue. 

COOOLXVI. 12 OANUM VENATIOORUM.* 

Position 227®‘0 (w. o) Distance 19"-8 (w. 9) Epoch 1837-39 

- 226°-7 (iK. 9)-20"-2 (». 7) - 1853-60 

Here is additional proof of the relative fiaity of this fine double star, 
during a period of 73 years; and the proper motions, as established by the 
investigation of the Bev. Robert Main, (see ij Oassiopoea) are thus valued— 

Al— — 0»-023, and N. P. D. — 0"-06 

This object was again scrutiaized in 1866 as to its contested colours; 
when it was declared by some good eyes that A is of a pale reddish white, 
and B a hlac tint {see post, Chap. VII). 

OOCOLXXI 42 COMA) BERENIOIS. 

Position 10°-0 (w. 2) Distance elongated (w. 1) Epoch 1839-41 

-6®-0(k-.i) -0"-3(w.l)- 1842-50 

- round (w. 5)- round (v, 5) - 1843-32 

I certainly thought that this impracticable object—one of Struve’s high 
class vidnissimcB —was opening, although my estimations were but vague 


• In mj mention of the Court parasites seeing this star brighter on Charles II. returning from exile (Cycle, 11- 
page 288) I should have added that, if John Ogilby is to be believed, Charles’s birth was also attended by a star I 
“ May that great God who sent a star to wait on your nativity,” is John’s ejaculation in the dedication of his 
ponderous Homer. Pretty well for the Master of his Majesty’s Revels! 
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guesses; stiU tlie image gave an impression of an egg-shaped form, especially 
tit the epoch of 1842. But in the following year, in the finest weather, 
and under the utmost coaxing, I was compelled to give up all idea of the 
elongation, and record it as a single star with my limited means. 

COOOLXXX. ? IIRSiE MAJORIS. 

Position 147°-4 («> o) Distance 14"-4 (»9) Epoch 1839-32 
- 148°-1 (w 9) - 14"-2 (w 9) - 1854-72 

Although I was well-assured of the fixity of this brilliant double star, as 
expressed in the Cycle of Celestial Objects, (II. page 298, 299,) I was led after an 
interval of fifteen years to re-examine it; and the results which were then 
obtained, fully corroborate the opinion I had advanced. 

Tliis splendid object, Mizar, was the principal of those selected by Mr. G. 
P. Bond, the American Astronomer, to test the powers of photography upon; 
and a specimen of his success which he sent over to Greenwich in 1867, 
roprosonting the whole field between Mizar and ALcor, was so much to the 
admiration of our Astronomer-Boyal, that he wrote to me in terms of excite¬ 
ment as to the achiovement, and intimating that the present hum-drum scheme 
of moasuroment would shortly receive its xmtiewm. It is indeed truly wonderful, 
and to a certain degree probably eflcient; but I am not altogether so sanguine 
in my anticipations, since some grave difi0.culties seem to atop the way in 
advancing to perfection. Yet the mean of Mr. Bond’s pictures, as compared 
with the mean of all my observations, give the places of the star and its com¬ 
panion with singular and unexpected precision; being thus— 

Position 147°-8 Distance 14"-49 By photograph. 

-— 14? *^*7 - 14"'40 By wire micrometer. 

It appears that no fewer than eighty-six photographs of Mizar were taken, 
and an achromatic reading-microscope was employed, when “the bisections of 
the images,” says Mr. Bond, “are made with an exactness quite surprising, 
considering their indefinite outline and comparatively large diameter.” But 

2 e: 
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lie also says—“The real difficulty, perhaps msurmoiuitablo, which now provcsutH 
a most extensive application of photography to astronomy, is tho (hdlcioui 
sensitiveness of the processes in use. TJnless photographs of stars us low 
at least as the eighth magnitude can be obtained, its use must bo rostriotcid to 
comparatively few double stars. Should, however, this impediment bo ov<’ircw)nu5, 
and photographic impressions be obtained from stars between the sixth and 
eleventh magnitudes, as has already been done for those between tlu' llrsl 
and the fifth, the extension given to our present means of observation would 
be an advance in the science of stellar astronomy, of which it would scare) dy 
be possible to exaggerate the importance.”* 


OOOOLXXXIV. 61 M. OANTJM VENATIOORUM. 

Meak epoch op obseevation j Bedford. 

11857-54 At HariwelL 

Thou shalt lead us on to triumphs, yet to mortal power unknown, 

Realms which angels only visit, shall yield homage at thy Llirono. 

* * ♦ # # 

Far almost as thought can venture, which Immensity scarce bars, 

Deep in that unfathom’d ocean, all whose isles are heavens of stars* 

Dr. Robinson, on the Rosse TELESOorE. 

When Messier discovered this wonderful nebula sixty-four years before 
my first acquaintance with it, he merely noted it as a faint double nebula. 
Sir William Herschel described it as a bright round nebula surrounded by a 
halo or glory, and attended by a companion; while his son thought it bort' 
a real physical resemblance and strong analogy of structure to our own system: 
and this was his representation of it, as published in his daborato Catalogue 
of 1830; but here the shading—as regards black and white—is inverted, and 
the whole adjusted to a nf^ mp, emd sp, direction:— 


A legends of Ursa Major (Cycle, 11. page 288), it should have boon added that Kii.u 

Arthur aer„d hero of the Mabiuogiou, typified the Great Bear, as his tear atl (/Z 

rrio^fthe'Z “ “ *'‘®7"** language: and the oonstellation visibly describing a oirelo in tho’north nolar 
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My own expression, after mucli close gazing, was (Cycle, II. page 302), 
“ a pair of lucid white nehulse, each with an apparent nucleus, with their 
nebulosities running into each other, as if under the influence of a condensing 
power.” But under all the ability of my instrument, charged from 63 to 
240 times, I could not even raise a spectrum of the above figure,' a diifused 
gleamy light only, as marked on my sketch, being occasionally caught on 
intense watching. Somewhat disappointed with this performance of the equa- 
toreal, I wrote afterwards to Mr. Prederick Morton, Lord Wrottesley’s assistant, 
to ask what his lordship’s telescope--of nearly two inches more aperture than 
that which I phed—would reveal in the case. This gentleman’s reply was 
in perfect accordance with the statement I had already given, saying—“there 
is certainly a diffused nebulosity perceptible between the two nuclei, and it 
appears brighter or more condensed at a certain point (which may be a faint 
nebulous star) nearly mid-way between them. Between this point and the 
northern nucleus, there is a patch of sky apparently much blacker than the 
rest of the field.” This latter peculiarity is no doubt owing to the effect 
of the bright patch giving intensity to the darkness immediately around; 
however, this is all that I could make of 61 Messier at Bedford— 


2 K 2 
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Yet really the whole was nearly a “ sealed hook ” till the spring ol‘ 184i5, 
when the enormous command of light possessed by the magnificent telescopes 
of Lord Rosse enabled him to detect certain mystic convolutions in the nebuhe, 
which hitherto had remaiued undetected by human eye. I speak of those 
wondrous bodies which exhibit polar and lateral foci under a spiral arrangement 
—^seemingly vortices of remote star-streams, bent into curves by orderly yet 
apparent irregularities of impulse. It may be true that spiral arrangement 
is not a demonstration of spiral motion, but we cannot resist the speculation 
of compound movements indicatiag forces of which we are entirely ignorant. 
In such cases, where appearances seem beyond the laws of which wo have 

any knowledge, we can only bow, and refer their structure to the fiat of 

Omnipotence. To enable others to think also, we will here submit a very 

faithful though inverted copy of the view of this nebula—that is, I have 

placed it white on a dark groxmd instead of black on a white field, as more 
consonant to what we realty see. And tins is its strangely novel appearance, 
with representations of which Lord Rosse absolutely entranced the intellectual 
world; carrying out Dr. Robinson’s happy prediction as to the consequences 
attendant on his lordship’s mighty telescope-— 

Many a bright and starry wonder, hid since time its course began, 

Many a secret of creation shall be now disclos’d to man. 
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The Ear] of Eosse, in making this rerelation, observes—“Much however 
as the discovery of these strange forms may be calculated to excite our curiosity, 
and to awaken an intense desire to learn something of the laws which give 
order to those wonderful systems, as yet, I think, we have no fair ground even 
for plausible conjecture; and, as observations have accumulated, the subject 
has become, to my mind at least, more mysterious and more unapproachable.” 
And again, on the apparent conoordia discors, his lordship says:— 

Wc thus oli)Sorvc that with each successive increase of optical power the structure has become 
more compHcated, and more unlike any thing which we could picture to ourselves as die result of 
any form of dynamical law of which we find a counterpart in our system. The connection of the 
ciompanion with the greater nebula, of which there is not the least doubt, and in the way represented 
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in the sketch, adds, as it appears to me, if possible, to the difficulty of forming any hypothesis 
That such a system shonld ekist ■without internal mo'vemcnt, seems to he in the highest degree 
improhahle; 'we may possibly aid our concep'tions, by coupling 'with the idea of motion that of a 
resisting medium; but "we cannot regard such a ^tem, in any way, as a case of mere statical 
equilibrium. 

In a word, the discoyery of Sphlal NsBULiE, the most extraordinary and 
unexpected class of objects which modem research has yet disclosed in stellar 
astronomy, is wholly due to the noble Earl: and their forms are so entirely 
removed from all analogy with the phenomena presented either in the bodies 
of the solar system, or the whirls of Encke’s comet, in the star-curves I found 
in 36 Messier (Cycle, II. page 144), or in the stellar strata of Padre Secchi, that 
notions as to their physical condition are merely guess-work. The enigma is 
another unequivocal mark of the illimitable power of the Supreme Creator 1* 

Eor excellent accounts of other wonderful revelations of Lord Posse’s 
telescopes, the reader is referred to his Lordship’s description iu the JBhilosopMcal 
Tramactiom for 1850 ; and also to the lucid communications of Lr. T. R, 
Robinson, of the Armagh observatory, to the Royal Irish Academy. 

OCCCLXXXVI. 127 P. XIII. VIRGINIS. 

POSITIOIT 31°-0 (» 8) Distanoe 1".7 (ie 4) Epooh 1838*48 

-37°-9 (W 8)-l"-7 (« 6) - 1842*52 

-61°-7 (w 0) - 2"*0 (« 6) - 1862*38 

This star was remeasured because it evinced so great a change in angle 
with but little in distance; and it seems to be still under the same conditions, 
the which are strongly indicative of a binary system with a circular orbit 
(Cycle, II. page 304), The pair were measured nearly at the middle epoch 
above given, by the Rev. W. R. Dawes, and the coincidence was remarkable— 

Position 37°*40 Distance 1"*637 Epoch 1842*39 


* The flpirality of nebul© has been strangely suggested to be owing 
but I hope this notion is abandoned, since it is utterly untenable either 


to scratches on the metallic mirror used; 
upon optical or mechanical grounds. 
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OOOOLXXXTIII. Pbbo. 3 M. CAN. VENATICOEUM. 

Position 191 °‘6 (wS) Distance \."'0 (»i) Epoch 1836'48 
-195°-0 (a-2)-— l"*0 (wl)-1851-37 

This little beauty precedes that brilliant globular cluster 3 Messier, and, 
having been detected by me at Slough, in the Herschelian 20-foot reflector, 
is of course an object of interest. I mentioned in the Cycle, (II. page 305), 
that it was decidedly elongated to Mr. Dawes and myself when we examined 
it together in 1843; and this gentleman has since obtained- some yery fair 
measures of it with his Mertz 8^-foot refractor, of 61- inches aperture, at his 
obserratory of Camden Lodge, near Cranbrook in Kent, thus:— 

Position 196®-64 Distance 0" 8 Epoch 1848*42 
by which I was led to conclude a change of angle; but from the difficulty of 
ascertaining this with my means, the question is still an open one. 

DVI. a BOOTIS. 

Position 49°'3 (ws) Dippeebnob uSl = 15®'l (»i) Epoch 1836 47 

This noble and insulated standard Greenwich star is re-introduced, because 
its large proper motions have been inyestigated on two occasions since I 
mentioned their amount as then settled by Piazzi, Badly, and Argelander 
(Cycle, II. page 316): and as the movement may prove to be of the highest 
moment in physical inquiry, I will here recapitulate all the ascertained values— 

M = —1"-17 Declination — 1"‘96 Piasnsi. 

-1"-11-1"*98 Baity'8 prat. 

- —1"-18-l''-96 Argalander- 

-1"*18-l"-97 MMUt. 

- —1"-18-1".93 Main. 

-—1"*17-l"-96 Baihfa second. 

Since my description was published, the little star itifra Arctwrum, on a 
bearing of 182 ®-2, was enlisted by Johnson for a parallax-pointer to Aroturus, 
because from 1690 to 1866—on comparing the standard authorities, no proper 
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motion, can. be detected. In. Ms investigation of this question, he obtained for 
Arcturus the error of spacial movement in distance = 0"-0384 ± 0"-040; hence 
the quantity already assigned must be very near the true value. The resultant 
parallax by Johnson, and that of Peters, may be thus compared 

0''-127 ± 0"-073.—Pefm. 

0''*1377 ± 0"’052,— Johnson, 

or, assnmiiig the proper motion given by Main as exact for the year of 
observation, and rejecting the very dubious correction for temperature, we have 

0/^159 4 0''*044.— Johnso7i, 

Regarding the brightness of Arcturus, although it always maintains its 
place among the first rates, it is suspected of a tendency to variability. 
Indeed the charge amounts to even more than suspicion, for Mr. Pletcher 
has noted it alternately brighter and less bright than Oapella, a star so favourably 
posited for direct comparison. It was, however, in lull splendour on the 6th 
of October 1868, when, to the delight of millions of human eyes, it was run over 
by Donati’s beautiful comet, the head of which was instantly reduced to “ second 
best ” in brilliance by the star, despite a new veil thousands of miles in tbiclmcss. 
This was its appearance at about 6*^ 35” r.M. 
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In a letter which. I received from Mr. Pogson, he regretted that certain 
observatory cares, and an nnusual invasion of sight-huntiag bores, prevented 
him from making those cometary observations with the excellent Oxford 
instruments which he otherwise wished to have done; but he adds:— 

One otservation of liglit-intonaity, however, we did obtain when Arotuius waa ao near aa to be 
in the aame field of view with the comet, and if you will make any record of it, I can asaure you 
that it is a most trustworthy comparison, carefully mad?, by an excellent method. 

The comet, seen through the undiminished half of the hdiometor object-glass, appeared of equal 
intensity with Arcturus seen through the other half diminished to 0*96 inch. Arcturus was 
therefore 62'3 times as intense as the comet, or, adopting Argelandcr’s ratio of 2’512, the difference 
of magnitude was 4'6. 

On September 30th, at 7** 17“ mean time, Mr. Luff of Oxford, whose honest worth—^well- 
known to yourself—gives weight to all he states, measured the length of Donati’s tail with a sextant; 
ho found it to be 22°. 

Now had the nucleus of Donati (Oomet V. 1868) passed but about 20' 
further to the north than it did that evening, and gone right over Arotuius, 
what a world of physical questions aa to phasis, density, solidity, and per¬ 
meability to solar energy might have been cleared off 1 As it is, philosophers 
must wait until some other comet shall pass over a brilliant star. 

DXVIII. {TBOOTIS. 

Position 128°'6 («>8) Distance 1"-3 («o6) Epoch 1838*45 

-127°-3 (wO) - 1"*2 (w6)- 1842*43 

-128°*2 («6)-l"-0 (w4) 1862*38 

Another attack on this dose, and in some respects inconvenient double¬ 
star, confirms my former opinion that no orbital variation has occurred since 
1796, notwithstanding apparent discrepancies; nor does there, on weighing the 
whole, appear to be any difference in the distance (Oyde, II. page 324). 
The trifling anomalies exhibited in a period of 66 years, since Sir William 
Herschel first measured it, must be in the instrumental manipulation, for no 
proper motion can be traced in declination, and only -|- 0®*002 in right ascension. 

Nor has the strange alteration of brightness alluded to in the Oyde, been 

2 L 
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confirmed; though the elder Struve expressly says—“nihil est duhium quin 
differentia Ituninis in his stellis sit variahilis.” 


DXX. f BOOTIS. 

Position 321°‘2 («> J) Distance 2"'9 (w 6) Epoch 1838*68 
- 322°-l {w 8)-2"*8 (w 6) - 1848*64 

This beautiful star, the pulcherrima of Struve, still maintains an apparent 
fixity by my measures, although so much evidence has been adduced for its 
binarity: and I am more inclined to assign the anomalies which appear in the 
records, to the closeness, the brightness, and the oblique position of the com¬ 
ponents, than to orbital changes, or proper motions through space (Cycle, II. 
page 326), the last of which are now found to be only 

M = - 0“*005 N. P. D, = — 0"*01 

I cannot but adhere, therefore, to the opinion I expressed, that progression 
is not proved; and another instance is afforded, as with y Andromedae and a 
Heroulis, that high colours in stars are not symbolical of motion. 

Mr. SoUitt, of Huh, informed me that he thought he saw A of this object 
double, in a refl.ecting telescope of his own maJdng; but I could give no 
encouragement to the notion. However I sent the case to Mr. Dawes, for 
the benefit of his instrument, who, on the 20th of November, 1866, returned 
this answer—“In a letter to myself some months ago, Mr. SoUitt preferred 
a charge of duplicity against Mrs. e Bootis; whereupon I put her on trial, 
ffnlling as witnesses two capital object-glasses of 7i inches and 7^ inches diameter 
respectivdy; and no browbeating on my part could induce them to declare 
that there was any duplicity about her character. Having full confidence in 
my witnesses, that they aver the truth as far as their optical power extends, 
I am bound to acquit the said e of the charge; at least until the evidence 
against her is proved to be stronger and more trustworthy than that in her 
favour.” This must be regarded as a definitive sentence. 
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Dxxii. I Boons. 

Position 324°'8 («> 9) Distance 1 '''\ (w 9) Epoch 1839‘61 

- 322°-9 (m 9) - 6"'9 (w 9) - 1842'42 

-316°-8 (« 9) -6"-5 (w B) - 1852-38 

These last measures form an additional evidence in proof of the orbital 

retrogression of this fine pair of stars (Cycle, II. page 328), no less than 22° 
having passed under my own eye; the angular velocity being about 0°'74 
per annum. As the hues of this object have been questioned, as well as its 
binaxity, it was specially gazed at in 1867, by two pair of eyes, in a darkened 
fi.eld of view, without reference to the Cycle notation; and the thereby 
unbiassed result was A, deep yellow, B, flushed purple. 


DXXIII. 39 BOOTIS. 

Position 44°-7 (;w9) Distance 3"-8 (wo) Epoch 1839‘00 
-45°-3 (v T) -3"-6 (« 6)-1847-61 

The slow retrograde motion assigned generally to this fine double-star, 
since it was discovered by Sir WiUiam Herschel in 1783 (Cycle, II. page 
329), is certainly not borne out by my micrometrical measures: and even 
some change which may be traced in nearly three quarters of a century, is 
assignable to proper motion, which at the last comparison was valued at 

M = —0»-011, N.P.D, = —0"-05 

Mr. Dawes and myself differ more on the colours of this pair, than is 
usual with us; he having noted both as pale yellow, while I make A white, 
and B pale lilac—the magnitudes, in 1847, scarcely differing. 


DXXIX. 44 BOOTIS. 


PoSITIOlr 235°-3 (w 9) 

- 236°-9 (W 9) 

- 236°-2 (w 7) 


Distance 3"-5 (»7) 


3"-7 (f»7) 


Epoch 1839-62 

- 1842-68 

- 1847-45 




-4"-! (w 6) 

2 L 2 
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This fine object is a mystery; for, although after weighing all the data 
with attention I feel unable to say anything decisive as to angular progress, 
there can be no doubt of its increase of distance, an opening which stamps 
its physical character. But the evidence as to its binarity remains still nearly 
the same with that given in the Oyde (vol. II. p. 334). Since my last 
measures, Mr. Isaac Hetcher obtained the following places: 

■ Position 237°'95 Distance 4"'268 Epoch 1851-47 

On looldng at this pair in 1866, in a dark field, A appeared to be pale 
yellow, and B dusky; which is nearly Struve’s mb-jlma and mh-c<Brulea. 

DXLI. 1] OOBONiB BOREALIS. 

Position 120^-1 (w 6) Distance 0"-6 (m i) Epoch 1839-67 

_ 151°-3(»6)-0"-6(«>l) - 1842-68 

- 188°-5C«3)-0"-3(wl) - 1846-69 

_ 246°-8 (w 8) -0"'6 (w 1) - 1852-43 

The handling of this fine binary system is, from the brightness and 
proximity of its components, extremely difficult; and indeed the distances 
are mere guesses, to which my lowest weights are applied, but perhaps O ought 
to have been introduced into my scale. By transient glimpses the elongation 
was pretty fair, but never notched, and therefore the angles merit more con¬ 
sideration than the distances. Since the Cycle was published, orbits have 
been computed by M.M. Madler and VUlarceau, but the principal elements 
do not remotely differ from those which appear therein (II. page 341)—the 
ex-centricity stiU remaining less than that of any other computed binary 
system, except f Cancri. In addition to what is said as to the proper motions of 
7 j on the same page, Mr. Main has valued its movement in north polar distance 
at -p 0"-19, by rigorous comparison with standard meridional catalogues. 

BXLIII. BOOTIS. 

Position 310°-6 (w 7) Distance 0"-9 (m 2) Epoch 1839-32 

- 306°-l (« 6)-(y'-8 (w 2)- 1842-62 

- 266°-0 c® 8) - 0"-6 (11 P) - 1863-60 
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The relative situation of this highly interesting binary system with ft* 
Bootis remains nearly the same, both in position and distance, as given for 
the year 1832, in the Oyde (II. pa^e 342) but mter se the retrograde 
movement in orbit is still further confirmed, and with accelerating velocity. 
Hence it follows that the distance is diminishing, it having been observed 
by Herschel and South in 1823 as = l"-66, and in 1863 I hardly considered 
it to = 0"‘6; my last was rather a guess than an estimate. 

It will be seen in the Cycle (II. page 343), that I considered the period 
of this system to be a shaky quantity. Since that volume was printed, I have 
been favoured by Mr. John Biussell Hind with a letter from Allsop a Place, 

24 September, 1846, in which, among other scientific matter, he says-" I 

beg to send you a set of elements for the binary system ft* Bootis (Piazzi, 
XV. 74), which I have just computed on Sir John Herschel’s beautiful 
method. All your observations are included in the calculations, but I have 
not vet had leisure to compare them with my elements, as I intend doing: 


Porilxdion Passage 
Mean aiinuel motion 
Anglo between nodes and apsides 
Position of node . 

Ex-centrioity . . 

Inclination of orbit 
Semi-axis major . 

Period of revolution 


T =z 1849*41 A.D. 
ft = — 3C'*102 

\ = 102®*23' 

ii = 116®*64' 

e = 0*8746 

7 = 68 °* 11 ' 

a = 3"*874 

P 698*3 years. 


DXLVII. 3 SBEPENTIS. 

Position 197°*3 {?, 8) Distance 2"*7 (»8) Epoch 1838*38 

- 196°*2 (JOS) •-2"*8 («>8) - 1842*36 

-196°*6(«7)-3"*0(»6)-1851*32 


• In the note to that page, I have oaUed the SMzzan the chief of the Synagogue: but Mr. S. M. Draoh, who 
has readily aided my Hebrew researches (tee ante, page 227), assures me that the office is that of render, or pre¬ 
lector—the head Rabbi being always the chief of the Synagogue. 
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I cannot altogetlier think that tie bioarity of this beautifol double-star 
is incontestibly proven, although the angle for 1782'99 was 227° 12', thus 
iudicating a retrocession of about 31° in 70 years; the distance remaining 
steadily the same during the while. But in the last 30 years, that is, from 
Herschel and South’s epoch to the present tune, the angular motion has 
scarcely exceeded 3°; which is a smaller amount than what was alluded to 
in the Oyde (II. page 346). Here we must observe and wait. 

DXLIX. ? OORON.® BOREALIS. 

Position 300°-9 (m 9) Distance &’•& (» 9) Epoch 1839-50 
- 301°-2 (w 0)-6"-l (» 9)- 1842-67 

This very beautiful double-star must be classed as an optical object, my 
Hartwell operations proving so satisfactory (Cycle, II. page 347). To be 
sure there is a difference in angle of 6° in about 63 years, from the time when 
Sir William Herschel first registered it; but all the later measures are coinci¬ 
dent in affording reason to question whether any change has taken place in 
either position or distance. ? has a slight positive proper motion in space. 

ELI. 7 CORONiE BOREALIS. 

Position AB. 225°-0 (w i) Distance 0"-3 (« i) Epoch 1839-69 

- round (« 8) - round (« 8)- 1842-58 

- 295°-0 («2)- 0"-5 (»1)- 1848-37 

This delicate and difficult double star, truly one of the vicimssimoB of 
Struve, at my last observation was surely wedged, or egg-shaped, with the 
companion “ coming out again,” but both position and distance are rather 
estimated guesses than measures—except in the instance of 1842. 

I mentioned in the Cycle (II. page 348) my conviction that A was then 
much brighter than the sixth magnitude assigned to it in the Palermo Catalogue. 
The latter may probably have been a mere typographical blunder, yet it has been 
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followed in other Catalogues with an injurious effect; for Lord Wrottesley, 
purposely observing stars down to the fifth magnitude inclusive, omitted 
7 Ooronoe, because he found it rated a sixth. Now, since it seemed to me as 
bright as 0, I applied to the Astronomer Eioyal for his opinion, and in a 
letter from Greenwich, 18th August, 1867, he thus expresses himself:— 

On reference to Littrow’a publication of Piazsd’e originals it appears that the magnitude of 7 
CoronsB (as of other stars) is given only once in the year, although there are several observations. 
This necessarily leaves great opening for error. 

The magnitudes set down are as follows:—1792—6; 1796—4; 1809—5. In the Cata¬ 
logue of 1803 it is 4'5, and in that of 1814—6. It seems most likely that the 6 was designedly 
omitted in forming the Catalogue of 1803. 

Be this as it may, I must confess that it has generally struck me as 
being of a good fourth degree of brightness; and there can be no doubt of 
its being a case where error must be suspected rather than variability. 


DLVIII. 61 LIBEiE sm | SOOEPII. 


Position AB 13°-3 (w8 ) 

-- A C 74‘>-2 (w 8) 

-AB 23‘’-5 («»8) 

-A B 24“-9 (ill 7) 

-AC 68‘’-l (v>6) 


Distance 1"‘1 (w B )\ 

-7"-2 («6)j 

-l"-2 (® 6) 

-l"-0 (is 8)1 

-7"-0 (i»4)j 


Epoch 1838-60 

- 1842-56 

- 1846-49 


This fine triple-star offers, at present, a complicated scheme, since A and 
B exhibit a direct orbital motion, while A and C are retrograding, as mentioned 
in the Cycle (II. page 363). Before my last operations I placed the mean 
motion of A and B at -p l°-86; but Sir John Herschel has concluded that 
by his own measures from 1880 to 1836, he found an angular velocity of -f l°-69. 
Assuming its orbit to be in all probability nearly circular, I had assigned about 
a century for its am/ms magnm; but, though the observations were too barren 
for conclusive elements, there now are such symptoms of elliptical elongation 
that the period thereby becomes extremely uncertain. Captain Jacob, W. S. 
has recently (July 1868) drawn attention to the subject, saying— 

I beg to call tbe attention of astronomers possessing powerful telescopes to the present 
condition of the close pair of the ternary star 61 Librts. The early measures of this part were con- 



264 


SPECULTJM TT A U TWEljlilANirM. 


sidered bv Admiral Smyth (see Cycle, vol. IL p. 362) to indicate a circular orbit; but the atm-s, 
which have latterly been gradually approaobiug, have within the last two years olosed up p 
rapidly as to be in the early part of the current year quite beyond the power of my instrument, the 
distance being estimated as not exceeding 0"-4, while only a rough guess could be^ made at the 
angle under the most favourable circumstances. I have not yet computed an orbit, though the 
data are, I believe, sufficient for doing so approximately. The apparent orbit must be highly 
elongated, and the period somewhere about fifty-two years. 


DLX. k' HEROULIS. 

Position 9°‘7 (w 9) Distance 31"-4 (» 9) Epoch 1835'45 

_(w 7) 30”‘6 (w 6)- 1857'38 

Though I was satisfied, on compaxison of my Bedford meaisnros with those 
of Herschel, South, and Struve, that the deductions rospooting tho decr(‘aso 
in distance derived from Elamsteed’s observations must be in error, 1 took 
another set after a lapse of twenty-two years ; thus carrying tho interval of dis¬ 
cussion over 164 years. The question I think is now at rest; neither angle 

nor distance have altered beyond probable errors of measurement, and the coni- 

parative fixity of the components is therefore established. 

DLXI. V SOORPII. 

Position AB 338°'6 («6) Distance 40"-0 (wi) Epocu 1831'6() 

- AB 336°'8 (»r)-40"'8 (®B)) 

_BC 46-0 (.2, -- l-6(.l)! 

This neat object was discovered to be triple by Captain Jacob at Poonali, 
m 1847, who saw that B had a companion of the eighth magnitude; Ms 
instrument being a 6-foot telescope, charged only with a power of 162. As 
Sir John Herschel had not seen it with his 20-foot refiector at Eoldhausen, where 
it was in his sweep 722, the Captain observes “probably C has recently emerged.’* 
In consequence of its southern declination, and the nuisance of the neighbouring 
brick-field, the new comes was difficult to view firmly, or to measure fairly; it 
was therefore carefully estimated both in angle and distance under the bar 
micrometer. The inconvenience of v’s place was still more felt at Lord 
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Wrottesley’s Observatory, it being furtber to tbe north, where however it was 
seen plainly double, and treated as below mentioned. 

Regarding A and B, I tliiTiV we may be satisfied as to their fixity, for by 
some measures recently made for comparison with mine by Mr. Frederick 
Morton, at the Wrottesley Observatory, we have— 

A and Position 337° 4(y Distance 41"-055 Epoch 1867-39 
2 

Differing very little from the places settled in 1779, by Sir William Herschel. 
The colours, from lowness of the star’s place, and perhaps the different powers 
employed, were not easy to define with precision, my impression in 1861 being 
A yellowish white, B pale lilac; while Lord Wrottesley’s notation for 1867 was 
A yellow, and B blueish. C is of the non-descript tint called dusky. 

DLXII. 49 SERPENTIS. 

Position 318“'1 (w9) Distance 3"'3 (mS) Epoch 1839’29 
- 323°-0 («7)-3"-2 {IB 6) - 1854-68 

Here we find the orbital retrocession between the years 1783 and 1864, 
continues to an amount not widely different to that already given in the Cycle 
(II. page 366); though latterly the velocity appears to have slackened, espedally 
when I refer to my own observations only. There is, however, sufficient evidence 
to indicate binarity; and a period of 600 years is countenanced. 

On darkening the field of view to re-examine the colours of the components 
at the last epoch, a very minute star hove in sight, which I had not noticed 
before: it is near the line formed between B and a distant ninth-magnitude 
one in the north following quadrant, which, small as it is, appears strongly blue. 


DLXIV. 80 M. SOORPII. 


Mean Epochs op Obseevation 


1837-36 At Bedford. 
1858*47 At Hartwell 


Those who have taken the trouble to look into the Cycle of Celestial 
Objects (II. page 367), will have observed a wood-cut in which the globular 

2 M 
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cluster called 80 Messier is seeu, with, its attendant stars in the following part 
of the field. The whole forms the remarkable object already described in this 
volume {see mte, pages 104-6); and which I wiU thank the reader just to 
run bis eye over agaiu, in order to start fair with the following tabulated data. 
But first look at the illustrative configuration of the cluster, the two variable 
stars B and S and the stars of comparison; one of the latter, namely f, being 
strongly suspected of a tendency to change—the mean positions of the nebula 
and its companions being reduced to the epoch 1860. 



After having had a convincing proof of the changes which B and S had 
undergone since I first assigned them a magnitude, I requested Mr. Pogson 
to supply me with whatever particulars he could furnish in the lapsed time 
between my epochs, as he had been some years attending to the phenomena 
of Variable Stars. In a reply, dated 6th July, 1869, he said;— 

I beg leave to submit to youx notice tbe latest and most trustworthy elements of variation of 
your pair of stars, near the nebula 80 Messier, in Scorpio, discovered to be variable by M. Chacomac. 
They are the best I have been able to deduce 6om a discussion of the scanty data available for 
that purpose. E, the south-following of the pair, was seen as a 12th-inagnitade last year, but was 
lost in the tvTilight soon after, long before its due time of maximum. S, the north-preceding one, 
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on the contrary, which appears to vary more rapidly, was not seen last June, when R was visible; 
and only as a 12th-inagnitude at its re-appearance this spring. 

But for your records in 1837 and 1839, the elements would be mere guesses, whereas I now 
attach some weight to them as tolerable first approsaviYiatioTis, In using your two dates, however, 
it is well to name that I took ihc Hberty of altering your estimations, just as I should my own under 
similar circumstances. My comparison star, d, forms the north-following angle of your small acute- 
angled triangle; and as on each occasion this star occurs in your configurations, I made your esti¬ 
mation differential instead of absolute, and classed the variables’ ‘ about ths lOt/i magnituds saTne as 
d* Here are the data:— 


Obseevations of R SCORPII oolleoted and reddoed. 




Co-ordinates of Ourvo. 

ObsorTOd 


HEMABES. 

PATE. 


Day of 
Contury. 

Standard 

Uaji^tude. 


At 

Power. 

1887, April 

30 

18634 

10 

Smyth 

Bedford 

98 

Noted in the configuration of 80 Messier; also 
comparison star d and S Soorpii; all as 11 
mags. 

1839, May 

7 

14371 

10 

n 

11 

118 

Noted in the configuration of 80 Mossier; also 
star d and S Scorpii; but all as 8 mage. 

1858, July 

1 

19640 

9 

Ohaoomao 

Paris 

... 

Discovery of variability. 

91 11 

6 

10646 

9 

11 

11 



1864, May 

10 

10862 

IJudor 14 

» 

19 

... 

Invisible. 

1856, April 

14 

20192 

9 

11 

11 



11 May 

18 

20226 

11 

11 

IS 


Similar to comparison star e. 

„ June 

4 

20248 

12 

11 

11 


Inferior to comparison star a. 

1856, April 

29 

20673 

Under 14 

11 

11 


Invisible. 

„ Juno 

26 

20680 

Under 14 

»» 

11 

... 

11 

1868, Juno 

18 

21863 

12 

Pogson 

Oxford 

96 


i> 11 

80 

21366 

12 

11 

It 



» 

17 

21882 

Under 11*6 

11 

91 

... 

Invisible; fine, but near the horizon. 

1869, MarohSl 

21689 

Under 12-7 

It 

Hartwell 

118* 

Invisible in a fine sky, but low altitude. 

» April 

4 

21648 

Under 18 

11 

19 

... 

19 1* »9 >» 

» May 

6 

21676 

Under 12-6 

11 

11 

... 

„ Very fine. 

„ June 

28 

21723 

Under 18 

11 

19 

52 

11 

>1 11 

80 

21780 

Under 18 

11 

11 

118 

„ Splendidly fine. 


2 M 2 








268 


SPBCtJLTJM haetweliianum:. 


Only five iTi fi;gTTnft ar© availabl© for this st&rj but much uior© Btttisfaotory ftud trustworthy than thos© for S Soorpii. Thoy oxtond 

ov©r twely© periods^ and aro as follows 


1837 April 30 10 mag,— 

1889 May 7 10 „ — Smy(k» 

1863 July 4 9 „ — Ohacorrim. 

1866 April 14 9 „ — Ohaxmmc, 

1868 June 24 12 „ — Pogson. 

Treating by least sq^oares we obtain— 

Bpocsh = 1868 Sep. 8*6 
Period - 646*6 days. 

Computing from these elements we have— 

Hoxhnn. BesldTial Errors. 

1887 June 22-7 . . , 63*7 

1889 March 30*8 . . 87*7 

1863 May 20*6 ... 44*6 

1866 Feb. 26-2 . - . 47-8 

1858 Sep. 8*6 .. . 76*6 


Agreeabl;^ to Ohaoornoo's obaervationB in 1866 a change of 
8 magnitudes occupied 61 days» and thereby, reducing each date 
to an assumed average TruLviTnnm brightness of 9th magnitude, 
we get— 


1837 May 17 
1839 April 20 
1868 July 4 
1866 April 14 
1868 August 20 

Residual errors 32»0 


Hence 

Epoch 

. 1869 Got. 3-7 
Period 

J 648*14 days. 

1 . 9 —26*7—27*0—44*7. 


The sum of the squares being only 5020. 
Hence this hypothesis is preferable. 


The sum of the squares being 14422. 


From these discussions—which represent the observations hitherto made 
with very; considerable accuracy—^we are able to arrive at a general conclusion, 
namely, that with far greater certainty than can be yet pronounced for S Scorpii, 
E usually reaches the 9th magnitude at maximum; the greatest observed 
fluctuation amounts only to about one-fifteenth of the period, and the most 
probable dements of variation may be thus assumed: 

Epoch = 1858 Octotca: 4. Psaion = 648 daya. 

Such inquiries into the differing periods of brightness, are deeply important 
in connecting the profound results which perseverance has obtained from the 
pursuit of practical Astronomy. 

In the preceding extracts from Mr. Pogson’s form of entry, the column 
“ Da/y of Oentury ” is a very convenient addition, as it facilitates the formation 
of equations by showing the number of days elapsed between different TnaTimn. 
at sight, without the tedious delay occasioned by counting up the unequally 
long months, or the risk of forgetting to make allowance for the bissextiles. 
A table for converting ordinary dates into what may he termed the “ time- 
co-ordinate ” is speedily arranged, and of use in planetary, cometary, and many 
other kinds of computation, besides that for which it is here employed. 
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Now for a HiTini1a.r treatment of the other Variable star, S, which is the 
north-preceding of this extraordinary pair— 

Obsesvations of S SCOEPII collected ajstd beddobd. 




Co-ordinatos of Curve. 

Observed 

REMA.RES 

DATE. 


Dfty of 

Standard 

By 

At 

Power, 



Coutury. 

Magnitude. 


1837 April 

30 

13034 

10 

Smyth 

Bedford 

98 

Noted in the oonfignration of 80 Messier; 
also R SooipU and comparison star d as 

11 mags. 





1881) May 

7 

14371 

10 


91 

118 

Ditto; hnt S Seorp,, R Soorp., and star d all 
noted 8 mag. 

1853 July 

G 

19646 

Under 12 

Ohaoomoo 

Paris 

... 

Not seen in oharting. 

1864 May 

19 

10862 

9’6 

1 ) 

99 


First discovery of variability. 

1866 April 

14 

20192 

10-3 

91 

99 


Similar to comparison star d. 

., May 

18 

20226 

18 

«) 

19 



Juno 

4 

20243 

Under 14 

99 

99 

... 

Completely gone. 

1856 April 

29 

20673 

11*6 

»» 

1 ) 



„ Juno 

25 

20630 

Under 14 

it 

99 


Completely gone. 

1858 Juno 

18 

21363 

Under 18 

Pogson 

Oxford 

96 

Invisible. 


80 

21806 

Under 13 

it 

99 

99 

99 

., July. 

17 

21882 

Under 11*6 

91 

19 

65 

„ Low, but brilliantly fine. 

1859 Moroh 81 

21689 

12-2 

19 

Hartwell 

118 

Low altitude, but very fine. 

.. April 

4 

21648 

12-0 

l« 

99 

99 

JJ 99 99 ” 

., May 

6 

21676 

Under 12‘6 

' 1 * 

99 

99 

Invisible, though very fine. 

,, June 

28 

21728 

Under 13 

11 

' 99 

62 

99 


80 

21780 

Under 18 

99 

I 

118 

„ Splendidly fine. 


^OW « atar w. in May. 1854. agai. 

than those of itsneighhonr R Sco^ Variable Sta». 

periods!—as U aomeamg taUunan were the an gu^ _ri»h1a to the eqnally nnoartain marima deriTod either from this or fce 
It waa not conaldared worth whUe to ‘Pf ”^7 “ ^t Stihta i. of ae ntmoat hnportanoe in these, a. in all 

preceding table, though it may be remarked that a judaomua aaa.gnment of weights 

other oombiiifttions of obBorvatlona. 
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The majuma deduoible from ali records up to tliis year ore sis. 


1837 April 80 -—10 mag. — Smyih. 

1889 May 7 —10 —STnytU* 

1864 May 10 —9‘6 — Ctomwic. 

1866 April 14 —10’3 — Chacomac. 

1860 April 29 —11*6 — Chacormc. 

1869 April 2 —12*1 ^Pogstm, 

These dates extend over twenty-two periods, 
aud eq[iiatmg and treating by least squares 
give 

Epoch 1850 April 20*6 

Period 864*6 days. 

Oomputing from these elements we deduce 
for times of maxima 

1837 May 4*6 Residual error 0 6 


1839 May 6*6 „ „ 1*6 

1864 April 24-0 „ „ 26 0 

1866 April 28*6 „ „ 9-6 

1866 April 22*0 „ „ 7*0 


1869 April 20*6 „ 18'6 

The sum of tlio squares of the residual errors 
is 1140. 


In 1856 Ohacomao found the star to vary 
2*7 magnitudes in 84 days, aud assuming 
fiuoh rate of variation and moon brightness at 
maximum 0*6 mag. we may deduce fresh 


times of maxima as follows;— 


1887 May 7. 
1839 April 80. 
1864 May 19. 
1866 April 4. 
1860 April 4. 
1859 March 2. 


Honoo 

Epoon 

1869 Maroh 30*6 
Pbmod 
368*4 days. 


The residual errors on this supposition oro 
3 . 0 —6*8 -40*4—3*0-0*4—28*0 


The sum of the squares of which amouuts 
to 2614. 

Honco the first hypothosis is host 


In drawing the conclusions for S from the above promises, the result is 
rather less satisfactory than for It. It appears most likely, but from our very 
scanty data we must tread lightly, that the period is liable to fluctuations, as 
with R, amounting to one-fifteenth of its whole duration—that the star does 
not attain equal hrillianey at each return, sometimes the 9’6 magnitude, at others 
not more than the 12th—and that the most probable elements are— 

Epoon = 1869 April 21 Pbeiod = 364-6 days. 

These conditions must, as yet, he deemed merely approximative; yet they 
promise that, under the able supervision of Ohacornac and Pogsoh, the pair will 
shortly gain admission into the table of known periodical stars {see ante, page 
106). We shall assuredly soon know more about the apparent irregularities of 
the stellce versatiles, and trammel them with fixed laws: but we are yet to 
ascertain, whether 'their periodic perturbations are owing to Boulliaud’s bodies 
with opaque regions on their surface—to having been flattened h'k ft millstones 
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(Cycle, I. page 273), "witli Mauperttiis—to their being the effect of total ox paxtial 
eclipses, as Pigott thought, occasioned by the mterposition. of some obscure orb 
that the variations may be due to Arago’s cosmical clouds under revolutionary 
influence—or whether, with Mr. Norman Pogson, they are downright double- 
stars, semi-luminous and non-luminous, in orbitual recurrence of the very same 
phenomena in the same times. Nous verrons! 


DLXV. er OORONiE BOREALIS. 


PosiTiosr A.B. 146°-1 (« 8 ) Distanob 1"’6 (wS) ? issg-e? 

-A.C. 88°-9 (« ») - 44''-2 (w 6 ) > 

' A.B. 165*^‘9 (tB 9) " 1’^'8 (to 6 ) —— 1843‘35 

-A.B. 1620'4 (to 9) - 2"-0 (to 5) 1846-60 

-A.B. l 76°-8 (toT) 2"-2 (te4) *_ 1862-25 

-A.O. 90“-0 (to 7) - 46"-3 (to 0) > 

All the conditions mentioned in the Cycle (II. pages 357-8) respecting this 
interesting binary and triple-star, are now fully confirmed; subject however to 
the n-nfirmitiPiH of instrumental discordances, and the proper motions of a march 
through space; which last, by the investigation described under Cassiopsea, 
was found by the Rev. Robert Main to be— 


JR, = — 0"-42 N.P.D. == + 0"-04 

Shortly after the Cycle was published, Mr. Hind sent me his recently 
calculated orbit of <r, by Sir John Hersohel’s method, in which he increased 
my period of revolution by 167 years: and these are his general elements— 


Perihelion passage 
Position of perihelion 
The node 

Angle between tt and O 
Inclination 
Ex-centricity 
Semi-axis Major . 

Mean annual motion 
Period of revolution 


= 1826-48 A.D. 

= 88°-26 

= 21°-03 

= 69°-24 

= 25°-39 

= 0-7256 

= 5"-194 

= + 29"-313 

= 737 years. 
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But we are stiU adrift; for ia the iVth volume of the B-. A. S. Moatlily 
Notices (pages 90-2), I find a very elaborate orbit by Mr. Eyre B. Powell, of 
Madras, in which all the epochs of observation are grouped. Though submitted 
to the graphic method, the results exhibit a startling difference; but, as I give 
the reference, it is only necessary here to say that the perihelion passage (r) ia 
1829*7 A.D., and the period 240 years. Captain Jacob, in the same volxune of 
the Monthly Notices, gives 1831*17 for t, and 196*12 years for P. This is 
certainly more yawing than might have been looked for; insomuch that ray 
rough period—however unsatisfactory—may e’en stand a httle longer. 

DLXXIV. aSOOBPII. 

Position A.B. 129° 5 (tn i) Difperenob ^ = 33s-l (w i) Epoch 1837*35 
-A a 270°*0 (w 1) Distance 3"*6 i)- 1857*40 

Haviag heard that Professor O. M. Mitchell, Director of the Cincinnati 
Observatory, had discovered that Antares was close double, with his splendid 
refractor of 12 inches aperture, I was rather distrustful of its eligibility for our 
latitudes; especially as the conies was represented to bo remarkably niinuto. 
But what is found with a large telescope may be seen with a smaller, as Sir 
William Herschel taught; and very soon after the news arrived from Araorica, 
Mr. Dawes succeeded in obtaining five nights’ observations of its position, and 
four of its distance; with a mean to this effect— 

Position 273°-17 Distance 3"*467 Epoch 1848'02 
Owing to accident, or circumstances over which I had no control, I did not 
obtain a firm glimpse of the stranger till the end of May 1867; and oven then 
the red a was boiling, twitching, collapsing, and dilating among all sorts of 
variable refractions and the fumes of the neighbouring brickfield. Still the little 
emerald was seen of about the 8th magnitude; but, as it broke down under very 
high powers, its place was estimated with a bar-micrometer. Having informed 
Lord Wrottesley of my success, his lordship attacked the object at its following 
apparition, with these results, which are a mean of four nights— 

Position 275°48' Distance 3"-296 Epoch 1858*346 
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In this exploit the telescopes were of 64 - and 7'|- inches in apertnre; and 
the magnifying powers used were between 228 and 450. Now were Antares just 
as many degrees north of the Ecliptic as he is to the south of it, so as to be clear of 
Ilia variable and vorticose dancing in the worst part of this latitude’s atmosphere, 
the comes would not be a difficult object: but certainly here the opportunities 
for good measures must be very rare, ily son, Charles Piazzi Smyth, in the 
Report of his “Astronomical Experiment” in 1856, dwells on the astonishing 
visibility of the companion of Antares from the Peat of Teneriffe (see the 
Philosophical Transactions for 1858, p. 483). Is the stranger variable? 

ELXXVI. n DRACONIS. 

Position A.B. 31-0 (®i) Distance 190"-0(«>i) Epoch 1833-62 
- A.a. 146°-0 (m 2 )-5"-0(«>i) - 1857-44 

After my measures of the distant companion to ij, the Pulkowa tele¬ 
scope picked up a minute comes to A, as related in the Cycle (II. page 365). 
On reconnoitring this object in 1857, though difficult, I found it not extremely 
so; and, unless the stranger is variable, am rather surprised that it was not 
caught up before, at Eorpat or elsewhere. Mr. Dawes has kindly handed 
mo those results, obtained by him at Camden Lodge, in Kent— 

Position 142°42' Distance 4"-71 Epoch 1847-41 

DLXXVII. X OPHrCCHI. 

Position 356°-5 (« 6 ) Distance 1"-0 (m 2 ) Epoch 1839-67 

__ 10.4 8 ) -- 1"-1 (m 8 ) 1842-50 

_ 16“-6 (m 6 ) - 1"’2 (m 2) 1853-25 

This beautiful but close and difficult binary system continues its orbital 

direct motion, and proves the necessity of adding 180° to Sir William 
Herschel’s angle of 1783, he having quadranted it wrongly (Cycle, II. page 
865). I considered, on a graphic projection, that the emms magms might 
be between 80 and 90 years; but Mir. Hind’s more recent computations have 

2 N 
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extended that period to 96*88 years. As to the proper motions, in addition to 
what is advanced at page 366 of the Oyde, I can only add that by Mr. Main’s 
rigid comparison there appeared to he no spacial movement in jH, but in 
north polar distance he found it = + 0"‘06. The neat blue telescopic star 
in the south-following quadrant, struck me, more than once, as not being round. 

DLXXXIV. f HEROULIS. 

Position 169°-0 *) Distance r-2 («> i) Epoch 1838-65 

-136‘’-9 (to 6)-l''-2 (to 2)- 1842-57 

-108'’-5 (to 8) -l"-0 (to 2) - 1848-39 

- 83'’-8 (to 4)- l"-3 (to 2)- 1852-53 

Por the early particulars of this remarkable binary system, see the Cycle 
(II. pages 369—370); and the singular fact must be added, that the comes 
has been constantly held in view of late years; a circumstance as yet but 
little to be accounted for. Rrom the measures by Struve, Dawes, and myself, 
registered in that volume, I made a rough orbit, which discountenanced the 
rapid race that Struve allotted, yet stiU gave it a shorter annus magnm than 
that of any other known double star—having an ex-centricity of 0’4186, 
and a period of about 36 years, as stated. These conditions, considering tho 
nature and degree of the affair, were, I thought, endurable until some more 
authentic data should accrue. 

A few years afterwards a set of orbital elements, computed by M. Yvon 
Villaroeau, on a plan peculiarly his own, appeared in the Astronomische 
Nachrichten, No. 668, in which the ex-centricity comes out 0*4482 and the 
period 36'367 years.* Professor Mailer’s second orbit yields 0*4646 for ex- 
centricity, and 31*468 years for period; while Mr. Isaac Metcher, by a process 
similar to that which I adopted (see 'post, Story of y Yirginis) obtained 0**4381 
for the former element, and 37*21 years for the latter. Now, as the mean of 
these great years =36*011, I may very weU remain satisfied with my result 


Surely the angle for 1840*66, namely 169®*92, must be a misprint in the Nachrichten. 
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for tlio present. Some very recent measures have been kindly handed to 
mo by— 


Lord Wrottesley, Position 60“-18 Distance 1"-6 Epoch 1857'46 
Isaac FktcJier, - 59°-24 - IM- 1857-48 


To the proper motions of S’ given in my description, I must now add the 

values produced by the searching investigations since instituted; they are 

^ = —0"'51 Declination = +0"'45 .—By Main. 

—0®-48 '-+0"*41 .—By Mddler. 


DLXXXVI. ») KEROULIS. 


Position AB round (w 9) 

—-AO 265‘’-0 (w 2) 

-AB 150“-0 («1) 

-AB round (m 6) 


Distance round (w 9) > 

_^ 

- 0"-3 (w 1) - 1842-53 

- round (w 5) - 1852-47 


^rhis first-class specimen of Struve’s mcmissimcB was gazed at in 1842 
till an impression arose that it was slightly elongated but un-notdiable, and 
therefore under half a second in distance; but the weights assigned show that 
the idea was vague, and the conclusions worth next to nothing. Nor could 
I oven confirm those conclusions on returning to the charge ten years after¬ 
wards ; on the contrary, after teazing the object under various powers, and 
raising spurious discs without any effect, I was obliged to' give it up. 


DXOI. 19 OPHITJOHI. 

Position 92‘‘-9 (»6) Distance 21"-8 (w 2) Epoch 1834-36. 

_92®-2 (w 7)-21"-6 (in 4) - 1867-54. 

This pair, though rather wide, forms a difficult object; yet, aU the measures 
being admirably accordant inter se, and very satisfactory to the senses at 
the times of observation, I have great confidence in the results. Indeed, on 
a consideration of the yaws to which measurements by different persons are 
liable; the position and distance are all but identical with those of Sir William 
Herschel ia 1783 (Cycle, II. page 374). B. was bright for a 10th, m 1867. 

2 N 2 
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DOII. f* DRAOONIS. 

Position 200°’3 (a s) Distance 3"‘3 («6) Epoch 1839‘63 

-191°‘6 (we)-3"‘0 (m2) - 1847*61 

_ 190“*7 (» 6) - 3"-0 (w 3) - 1854'68 

Since the registry of this neat ohject in the Oyde (II. page 380)» the 

retrograde orbital motion is proved, and its claim to bioarity established. The 
distance tinder all circumstances appears to have slowly diminished in the 
73 years sineb Sir William Herschel measured it; but I have as yet nothing 
to add to what I already surmised, in respect to its probable amwe magwm. 
The proper motions have been again investigated by Mr. Main, entirely from 
meridional observations made at Greenwich, with these resultant values— 

JR = —08-011 N.P.D. = —0"-06 


DOIV. 36 OPHIUOHI. 

Position 219°-5 (“S) Distance 6"-3(w 6) Epoch 1839-28 

-216'’-6 (w8)-4"-9 (»8) - 1842-46 

- 213°-8 (w8) - 4"-6 (m4)- 1857-39 

Contiguity, brightness, •great southern declination, and variable refrac¬ 

tions, have combined to render the measures of this star loss satisfactory than 
they ought to have been; but on the whole I think the sentence pronounced 
(Oyde, II. page 381) of a retrograde change of angle is confirmed, though 
my last epoch differs so little from the Astronomer Royal’s casting vote of 
1843. Somewhat disappointed, I wrote to my good friend Lord Wrottesley 
for its places in the following year, and in due time received these results— 
Position 213®16' Distance 4"-446 Epoch 1858-420 

A few years, however, will set all these discordances to rights; but the 
principal interest of 36 Ophiuchi is its evident connection with 30 Scorpii, 
and the curious backward march of the pair. This is no hypothesis, but a 
well established fact, fully verified by official observation and reduction. In the 
Cycle (II. page 382), I gave the right ascensions and dedinatiouB of those two 
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staxB as determined by meridian operations, with good instruments, by the 
several authorities cited by Bessel, and my own. These it may be eligible to 
cite again, with the results since obtained by the Astronomer-Royal 




Aa 



A8 

FlAMSTBEI) 

. . 1690 

-1- 13' 

32"-4 

+ 2' 

56"-0 

Bradlet . 

. . 1756 

. . 

■ • 

+ 3' 

02"-7 

Matee . . 

. . 1766 

+ 13' 

13"'l 

• • 

• • 

PlAZZI . . 

. . 1800 

-1- 13' 

07"-0 

+ 3' 

04"-2 

Smyth . . 

. . 1831 

+ 13' 

ll"-4 

+ 3' 

03"-63 


. . 1839 

+ 13' 

10"-6 

+ 3' 

04"-41 

Aibt . • 

. . 1868 

+ 13' 

09"-0 

+ 3' 

08"-47 


I deduced the last values from a set of beautiful observations, obligingly 
made at my request with the new Meridian Circle at Greenwich, of which the 
following is an exact copy; but in the above statement, I combined both 

components for the benefit of ready Comparison- 

Results of the Obbebtations in ^ and N.P.D. of the Stabs Obhiuohi, A* Ophiuohi, and 
30 SOOBHI, made at the Rotal Obsbbvatobt, Gbbbnwioh, m the ycai 1858. 


Right Ascensions. 


1858. 

A* OPHIUOHI. 

March 6. 17“ 6“ 37«'08 

May 18. 370-06 

„ 19. 378-10 

„ 26. 37»-13 

June 17. 37»-14 


A» OPHIUOHI. 

17l> e® 37*-33 
378-36 
37»-32 
37«-40 
378-47 


Means 17“ 6” 378-10 17“ 6™ 37»-37 


80 SOOBPII. 
Ijm 298-96 
298-76 

298-81 

298-81 

lya 7“ 29«-83 


Nobth Polab Distances. 


1858. 

March 6. 116® 23^ 25^^-39 

„ 18. 25"-79 

„ 25. 24"-76 

June 17. 24^'-57 

Means 116° 23' 25"-13 


116° 23' 20"'83 
19"-83 
19"-89 
20"-09 


116° 23' 20"-16 


116° 20' W'-OO 
14"-85 
13"-83 
13"-91 

116° 20' 14"-17 


G, B. AIRY. 
1858, June 26. 


Admiral W. H. Smytb. 
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By some recent elaborate investigations, we arc enabled to eorrol)orat(^ tho 
values for proper motion given in the Oyolo of Celestial Objects from. Piazzi, 
BaiLy, and myself, for 36 Opbinebi, tbns: — 

In i5l — 0"-55 In Deolination — 1"'12.— 

_0".64 _ — 

and for what must be designated the companion star, 30 Scorpii— 

In jR — .... In Declination — l"‘ir).— Main. 

-0"-66-— 

It is a very severe trial of meridian observations of contiguous stars in right 
ascension and north polar distances to convert the dilToroncciS into angh^ of 
position and distance: yet under such treatment the Greenwich results yield— 

Position 216°08 Distance C"-156 Epoch 1858*40 
BOY. a HEBGULIS. 

Position 118°’9 (to 0) Distance 4"*8 (» 7) Epoch 1838*71 

- 1180-7 (to 9) - 4"*6(toO) . - 1842*57 

- 119°*4(tor)-4"'8(io6) 1857*63 

When the Cycle was published, I was so satisfied of tho fixity of this 
beautiful object—one of the very piloliernmm of the heavens—that, though 
I might gaze, I should not have thought of rc-measuring it, but for having 
been aroused by a statement in No. 1103 of tho Astronomiscluj Nachrichten. 
In that number Professor E. Luther publishes the m.casurea of three opoelis, 
made with the far-famed heliometer at Eonigsberg, according to tho method 
adopted by Bessel, and taken under decidedly favourable atmospheric circum¬ 
stances ; and they run thus :— 

Position 123°*53 Distance 4".99 Epoch 1854*61 

-123°-82 5"-40 - . 1854*67 

- m^-lS 5'H4 1855*31 

shewing such a rapid increase in orbit as to call the fullest attention. My 
last measures, however, restore my confidence in the fiaity of this star, though 
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a highly coloured one; and I can. only impute the difference between, mine 
and M. Luther’s to some instrumental wealmess of a temporary nature, since 
he followed Bessd’s rules as laid down in the first volume of the Astrono- 
TnianbflTi TJntersuchungen. ’Tis a knotty point; hut no scandal must he 

directed against THE Heliometer for stellar measures, however injudiciously 
it is designated—where stars and not the sun are scrutinized. 

The variability of this star, discovered by Sir William Herschel in 1796, 
been confirmed; and Argelander’s elements of its phenomena will be found 
in the table of periodical stars {mte, page 106). The maximum, minimum, and 
period do not dilfer greatly from those in the Cycle (II. page 384). 

DOXIII. p HEEOHLIS. 

Position 308°'9 (w 9) Distance S"‘7 (taS) Epoch 1839‘74 

_309°-l(t®7) - 3"*8(w6) - 1847-61 

_310°-5 (w 7)-3"-5 (w 4) - 1853-39 

Although I had pronounced upon the fixity of this object (Cycle, II. page 
390), various conflicting opinions led me to re-examinations; and the result is, 
that my opinion is so fax shaken, that a slow orbital change may possibly be 
shown by future measures. Indeed all the recent conclusions agree so closely 
on the whole, that little doubt can be entertained of a gradual motion in 
angle. It is a very fine pair, and has been known to be double about 80 years. 

DCXXII. 200 P. XVII. HERCIJLIS. 

Position 9®-6 (w 8) Distance 16"-3 (w 6) Epoch 1830-71 
__8“-8(w6)-16'^0(«.6)- 1867-65 

Having left this neat double star with a doubt upon it, I returned to the 
charge after a lapse of 27 years, and may now very safely pronounce upon its 
fixity as an optical object; but stiU it is liable to movements of another descrip¬ 
tion in space, for no celestial body is absolutely merrmte. It is therefore now 
clear, that the indefatigable Sir William Herschel, in 1783, actually feU mtd 
an error of quadrant, as surmised in the Cycle of Celestial Objects (II. page 396). 
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DOXXIV. p. HEEOTJLIS. 

Position 241°-8 («>■ 0) Distance 30"*1 (w. fi) Epoch 1837*67 
_ 242°*9 (w. '0 30"*8 (w. B)- 1867*73 

•A careful comparison of all the measures of ft Hexcuhs, of which a TeswnS 
is given in the Cycle (II. page 397), had convinced me so sufficiently of its 
fixity, that it would not have been brought forward again, hut that in 1856 Mr. 
Alvan Clark, the celebrated American optician, detected B to he close double, 
with a telescope of his own making, of 71 inches aperture. This induced me 
to take another hatch of measures, but all my endeavours to pry into the 
duplicity of B—itself so small — were re mfecta. This I do not altogether 
impute to telescopic inability, although the instrument may really not be com¬ 
petent to deal with it; but I experienced the baleful influence of that Hartwell 
astronomical nuisance—the Locke Brickfield. At the same time that I was 
so finiitlessly gazing, my friend Dawes plainly saw it double with his 8-inch 
object-glass, when the stellar discs were pretty well dued up; it was not 
excessively dose, but about 1"--| ±, On the 22nd of June, 1867, he obtained 
a set of ten measures in position, with powers from 312 to 697—the latter 
preferred; with which he got also four measures of distance, under slight illu¬ 
mination—“ but,” he adds, “ they were little more than random shots.” 

Thpi distant telescopic star which follows ft nearly on the parallel, is an 
excellent object to trim the focus by, for scrutinizing around B; as it is removed 
from the glare and straggling rays of A. 

DCXXX. T OPHITJOHI. 

Position A B 214'’*0 (w. 2) Distance 0"*6 Epoch 1838*58 

_A C 1150*0 («. 3) -82"*7 («.. 2) J 

_A B 227“*0 {VI. 6) - CK'*9 («. i)- 1842*62 

_A B 238°*8 {VI. 6) - 1"*1 (w-1)- 1866*34 

This, one of the closest of double stars in 1783, and vicitmsima of Struve, 
is obeying its laws as a binary system, and gradually opening its distance 
under an increase of angular vdocity; insomuch, that, though it is not very 
steady under definition, it is comparatively easy of measurement of late. Still, 


1 
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tho diita liitlierto obtained are ratber too shaiky for tbe construction of an . 
orbit; but a very rongb approxiniation seems to afford pretty fair evidence for 
a period of or about 130 years. It demands strict attention. 

DOXXXI. 96 HBEOTJLIS. 

Position 261®-8 («». 9) Distance 6"‘1 (w. 9) Epoch 1833*78 

- 260‘>*5 (to. 7)- 5"-6 («.. 6) - 1857*63 

1 was well satisfied of tbe fixity of this optical pair, on a reriew of tbe 

measures from 1780 (Cycle, II. page 403); but tbe remarks on tbe tints of 
the components, as seen by my son firom tbe Peak of Teneriffe in 1866, again 
1 nought it before me, and a new set of positions were taken, whicb fully confirm 
that conclusion. A very singular anomaly respecting tbe colours of tbis couple 
will bo given in tbe next chapter of tbis work; we have therefore here only 
to subjoin the corresponding places, which were specdaJly taken at my request— 

Position 261‘’*19 Distance 6"*]45 Epoch 1857‘42.— I. Fletcher. 

- 260“*18-6"*093 - 1857*45.—iord Wrottesley. 

POXXXIII. 70 OPHirOHI. 

Position 126°*6 (». 8) Distance (tc. 6) Epoch 1838*51 

_122°*4 (u>. 9 )- 6"'64 («,. 6} - 1842*55 

_119®*7(«». 6) 6"*80(w.6)- 1847*48 

__ 114°*9(w. 8)-6"*50(to. 6) - 1852*44 

A full, true, and particular accoimt of this remarkable binary system 
appears in the Cycle (II. pages 404 to 409): I have therefore little to add 
but that the march and influences therein stated are corroborated by each 
succ(i88ivo sot of measures. I stated that round numbers assigned about 80 
years for its mrm magnue; and, though the doctors certainly differ in their 
elaborate investigations, the results prove that aU are shaping a proper course. 
At present, besides my own estimate, we have— 

T = 1806*88 AD P = 73*76 years.— .Encie. 

T = 1807*06 AD P = 80*34 years.— Herschel. 

2 o 
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T = 1806-82 AD P = 97'93 jwss.—Powell. 

T = 1808-12 AD P = 93-10 years.— Jacoh.* 

T = 1806-75 AD P = 80-61 jeBxs.—Madler. 

T = 1807-48 AD P = 88-48 years.— Eind. 

There are symptoms of the distance decreasing; but I don’t place itni)lieit 
reliance on my own measures in that respect, though they arc entitled to 
good weight. A diminution of distance -vri-th an angular increase, however 
slight, accords weU with the binarity of the object. At present, however, somo 
of the points and even the form of the orbit are little more tlian conjectural, 
and we must wait a little longer before we can look upon the results as 
relatively absolute; but in the mean time here are some good observations, 
with which I have been favoured since my last epoch was taken— 

Position 113°-71 Distance 6"-339 Epoch 1864-73.— Dawce. 

- 112'’-26-6"-363 - 1857-42.— 

By the last German mail which reached our shores, number 1210 of 
the Astronomische Nachriohten has arrived from Hamburgh; by wliicli 1 hud 
that another of the barriers supposed to guard sidereal distances, has been 
successfully assaulted with the Bonn Heliometer. The attack was made on 70 
Ophiuchi by Argelander’s pupil, assistant, and friend—Dr. A. ICi’ugcw—and 
repeated tiU the following quantities were -wrung from ITrania:— 

Parallax . . . . . + 0'*-169 ± (f'-OlOS. 

Mass of the primary . . . 2"*74 that of our Sun. 

Major Axis .... 29"-34. 

Distance. 1220000, or 19^ years of light-tiino passage. 

HOXXXYI. 100 HEROIJLIS. 

Position 2*-8 («. 9) Distance 14"-1 {«>. 9) Epoch 1836-62 

-10-6 (w. 8)-14"-0 (w. 6)- 1850-64 

-2»-6 (1C. 0) -13"-7 (w. 6) - 1867-69 

From the first two sets of measures which I obtained of this neat object, 

* The singnlar moTements of this star have gi-ren Captain Jacob no Bmall amount of inquietude; and, after 
close discussion of all the data, he suspects disturbance irom a third inyislble companion. 
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as compared with, those of the two Herschels, South, and Struye, (Cycle, II. 
page 411), as weU as by conversions from Piazzi, I was satisfied respecting 
the optical nature of the components, notwithstanding the discordances made 
them appear to be backing and filling. Being curious, however, some time 
afterwards, to see how they turned out for 1860, under scrupulous corrections 
for precession, secular variation, and proper motion, I took down the British 
Asssociation Catalogue, converted its right ascensions and polar distances into 
angles of position and distances from each other, and was somewhat startled at 
the Prankenstein which I thus produced, namely— 

Position 119'’46''6 Distance 7"-46 Epoch 1850 

This was a sad result from such a work, but one which it is necessary to 
prove wrong; whereupon I not only measured it again as above, but in order 
to obtain fuU evidence communicated the alarm to my friends Johnson, 
Dawes, and Pletcher. And hero are their several replies— 

Position 3»-49' Distance 14"'2 Epoch 1856'60. Oxford reduedom of M 
* and N. P. D. 

- 40 . 15 '-13"-956 - 1857-52. Fletcher, wire micrometer, 

-63'-14"*038 )_ 1867’68 wire micrometer. 

-SO'-13"’465 ^ Dawes^ (louhle-imac/e. 

There is a minute star, say of the 13th magnitude, in the sf quadrant, 
at an angle of about 120“ and a distance of 70" or 80", and another of the 11th 
still further off in the nf region, of a greyish tinge. The whole is lively, and 
forms a neat field under a moderate power. 

DCXXXVII. 73 OPHIUCHI. 

Position 269°-9(«0) Distance 1"-6 (w 6 ) Epoch 1838-74 
- 255'>-5 (n- 9) -l"-4 (w 0) - 1842-39 

A restmS of my observations since 1834, when I first measured it at 
Bedford, would yield an inference that a slow retrograde change of angle is 
taking place with this fine object; but in so close a pair, and so liable to a teasing 
inflection of light, we must e’en wait awhile. Tet there can be no doubt of 

2 o 2 
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its being now different from wbat it was when Sir William Horschol doscwbod 
it in 1783, the year of its discovery (Cycle, II. page 411). Since my last 
epoch was noted, Mr. Pletcher ohtaiaed the foUowmg places— 

Position 256°‘17 Distance 1"'6 Epoch 1851*37 

DOXLIX. 69 SERPENTIS. 

Position 314°*7 (w6) Distance 4"*4(»6) Epoch 1835*49 
__ 3i4®'2(wfl)-3''*9(w0) - 1842*53 

The high weights attached to the last epoch enable me to decide upon 
the ftrity of this neat pair of stars, and I have nothing to add in that rospi^ct 
to my former statement (Cycle, II. page 420) relative to the opticality oi th(‘. 
components. As the colours have been questioned, I took an opportunity 
of re-examining them in a dark field on the 17th of September, 1848, wh(‘n 
my record of A yellow and B blue was confirmed. A wide pair of star-s 
follows our 69, nearly on the parallel, and at about 26 seconds’ dlstuuoc. 

BCLV. a LTRiB. 

Position 137“*9(ib8) Distance 42"'7 (“i) Epoch 1H37'.51 
- 140°*3 (» 8)-43"*4 9) - 1843-34 

The second epoch of this magnificent insulated star, though very d«.‘airabl(» 
and trustworthy, was taken under one of those provoking annoyanecH with 
which the temper is occasionally rufded. While I was in South Wales, Dr. 
Lee wrote to inform me that a friend of bis had discovered a most ininutti 
star between A and B, with the HartweU telescope. Considering that this 
object had been long and repeatedly under the gazo and powerful means of 
the Herschds, the Struves, and other sound authorities, besides not having 
confidence in the practical ability of the would-be discoverer, I at onc(i 
expressed my disbelief—adding that it must only have arisen from the Hitting 
of light called a ghost: and such it proved to have been. Oflicious meddling 
is, however, a very serious evil to those who are occupied, for even the proving 
of a negative may occasion a serious loss of valuable time; and Mr. Lassoll 
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was ttccdlossly taxed on this occasioiij because he was possessed of a powerful 
instrument, and is of an obliging disposition. Mr. Maclear will well remember 
the fruitless hours we expended in 1830, on a flimsy report by a person of 
this description; who, after having misled us, confessed that what he had 
taken for a new comet, turned out to be the noted nebula in Andromeda. 
Sir John Herschel was also victimized in this instance, and I sorry to 
say, in consequence of a letter which I wrote to him. 

When that intelligent astronomer, Mr. Q-. P. Bond, gratified me with 
a visit here in the autumn of 1851, he was enthusiastic in his anticipations 
of the power of photography; even to prognosticating that it would effect a 
now ora in astronomy. XTnder this conviction he has sedulously continued 
his oxi)oi‘iraonts, and achieved the wonderful stellar exploit already recorded 
in those pages, under ? TJrsse Majoris {mte, page 249). Striding from step 
to stop he arrived at the conclusion, in 1868, that it is possible to distinguish 
stars by thoir chemical action: and he cites the curious fact that this star 
Wega, and Aroturus, though of nearly the same magnitude as seen by a 
telescope, or to unassisted vision, yet under photographic influence the former 
surpasses the latter by seven times. It is at once an object of obvious 
brilliancy and telescopic interest, and a gemmeous hmda to a remarkably 
neat constellation: yet WoUaston allowed it only ^ the light of Sirius I 


BOLXI. € LTR^. 

Position AB 21‘’’9 (» 8) Distance 3"-3 (»6) i j;pooh 1839’78 


CD 152‘’-8 (»7) - 

2'^’5 5 ) 

AB 20'’'6 (w 6) - 

-3"-2 (to 6) 

CD ISO'’ ^ (« 8) - 

-2^^ "6 (to 6) 

AB 19°-7 (w 4)- 

-3"-0 («> 

CD 148°‘l 4) - 

- 2"-6 („4) 


The same conditions appear stfll to actuate all the components of this fine 
quadruple object, as those which I described in the Cycle (II. pages 428 9), 
and ♦the retrocession of both pairs is abundantly confirmed. Tears must pass 
before the relationship between € 4 and 6 can be' demonstratively established; 
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but that they are under a conmon moyement I entertain no doubt. It luus 
been said that, by tbe researches of Argelander, they could not have a common 
proper motion in right ascension. Now I ask the “ gentle reader to conip.iK. 
those which I have already cited (II. page 429), with these which I now 
add from the Bev. Mr. Main’s investigations (see mte, Oassiopca'., page' 
218); and assuredly, on recoUecting how such delicate quantities are oblniiu'd 
from meridional operations, he will not be far wrong in pronouncing that 
there is scarcely any appreciable difference between the ascertained valw's 
for the two beautiful systems as yet— 


e' LTB^, 4. 

M + 0"-03 Deo. + 0"-07 

— + 0"-01 -+ ( y '01 

-0"03- + 0"‘04 

— + 0"-01-+ 0"’06 


e* LTRiE, 6. 

M + 0"-03 Dec. + (y'' 08 —BaUy. 

-1- 0"‘22-h 0" 09— Argdlander. 

-0"’03 — + 0"’09— Mitin. 

_ + O"-02-+ 0"-08—Mdt{ler. 


DOO. 0 CYGNI. 

Position 55°-6(w9) Distance 34"-4 (u> 9) Epoch 18.37 
-56°*2 (w 8)-34".l - 1854*67 

The relative constancy of A and B, both in angle and distance, from the 
year 1765, as stated in the Cycle (II., page 460), is hero stiU further conUrnuMl; 
but the proper motions which were formerly assigned to the leader, art' fast 
disappearing under successive meridional observations. Mr. Baily had 
decreased Piazzi’s amount sensibly, and now Mr. Main’s invoatigaiion giv<*K 
no change in declination for A, and only 0»*002 in 

My notation of the brightness of these beautiful stars—A 3 and B 7— 
is taken from Piazzi, whose right ascensions and declinations of tlnun reduce 
so well on my table in the Cycle. But in 1861 Lieut. Gilliss, of the United 
States Navy, wrote to me from Chili, that he "was sure” B was of the 6th 
magnitude; and certainly on the next examination which I made, by my 
method of appreciation, assuming A as of the third degree of brightness, B 
might be raised to the 6th. Is it variable ? There are several tdoscopic ^ptars 
. in the field of view with power 240, and one part may be said to bo stippled 
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witli star-dust, whicli, however, in no way interferes with the colours of the 
pair before us, as recorded iu the Cycle, namely, A topaz-yellow and B sapphire- 
blue. Since then the tints have been pronounced to be 

A Golden yellow. B GreemBli bine. By Lord Wrottesley. 

A CroouB yellow. B Greenish blue. By Mr. JDawea. 

A Orange yellow. B Greenish. By Mrs. &inyih. 

A Rich yellow. Brilliant blue. By Mr. Fleiclier. 

A Pole yellow. B Blue. By Professor C. P. Smyth. 

These differences are more apparent than real, and will mostly disappeai* 
before an organized system of observing, and a general chromatic scale. The 
latest measures handed to me rivet the fixity of the components—though so 
finely coloured—more strongly; they are as follows:— 

Position 55“-41' Distance 34"'370 Epoch 1867-42. — Mr. Fletcher. 

-55°-26'-34"-557 - 1857-47.— iovd Wrottesley. 

DOCXIY. 8 OTG-NI. 

Position 30°-9 (w. 6) Distance 1"-5(». a) Epoch 1837-78 

-25“-6 (w. 8)-l"-8 («.. 8) - 1842-56 

- 14°-7 (to. 5)- l"-6 ixo.Ji) - 1852-69 

The binarity of this beautiful but delicate and dUficult object is now lully 
estabHshod, though the notion of its having undergone occultation and passed 
its apastron between 1783 and 1826 is abandoned (Cycle, II. pages 4i66-7). 
The inflections of light and effects of the large stai*’s glare render the measure¬ 
ment of B by no means an easy task; added to which, some observers 
consider the comes to be variable. Hence the conflicting results which beset 
the orbit-framer; nothing daunted, however, by contrarieties, Mr. Hind has 
computed two orbits which satisfy the observations very weU, and which 
nearly agree, except in the node and iuclination. The period of revolution 
appears to be about 180 years, and the excentricity 0'607, so that, though the 
elements are only approximate, they give a general idea of the orbit’s form. 

In a letter which I received from Mr. Dawes, dated 17th September, 
1867, he says, “ Last night was indeed superb. Among other objects I looked 
at 8 Cygni, and saw it weU; but, noticing some delicate little stars following 
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it to the north, I observed something remarkable about one of thorn, and, 
after some scrutiny, it turned out to be a close double-star, the smalbn- of 
which is about my mmimum visibile. Pray look at it to-night.” This an¬ 
nouncement, worded so like one of my own (Cycle, II. page 305). calh^l my 
attention, and I soon found the new object among the minute followers, or points 
of Hght, in the nf quadrant; but, after severe gazing and coaxing under 
various powers, I could not divide nor even wedge it. 

DCOXVIII. ? SAGITTJl. 

Position 312'”3 («>. 9) Distance 8"-6 (». 9) Eroon 1838’67 
_ 312®-0 (w. 9) - 8"'4 (to. 0) - 1852’71 

The optical relationsliip of this neat pair must now bo considered to 
established beyond all reasonable doubt, although the early measures lor tuMi ly 
fifty years indicated the contrary. I was indeed so satisfied with the plnec's 
of my two first epochs, that I then pronounced a positive decision (Cycle, 11. 
page 4i59) as to the object’s fixity; and, with the further evidence before us, 
we cannot but infer that the anomalous discordances of angle are owing to 
errors in the observations themselves. The distances arc as accordant as ctun 
be expected, with different means used at different times by different observerH. 

DCCXX. a AQTJILiE. 

Position 323°’l (to. s) Distance 162"'6 («>. 5) Eroon 1834'8l 
My opinions upon this standard star remain as I have expressed them in 
the Cycle (II. page 261), and years must yet elapse before they can be con¬ 
firmed or contradicted. But, in the mean time, a minute companion has 
been found at about 6" or 1" following A, for which I have several times 
searched, but in vain, though minute telescopic stars—and glimpses of light— 
precede and follow in the northern division of the field, under a power of 240. 
Charges of variability have been repeatedly made against Altair, but without 
sufficient evidence to convict; and indeed those who form naked-eye opinions 
without strict comparison, ought ever to remember the moon’s ago, the tem¬ 
perature, and the general state of the sky, at the time of gazing. 
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A = + 0".51 Declutation = + 0"-38.— Piazzi . 

- + 0"-69 + Of '- Sl .— Baihj . 

- + 0"-56 - + 0"'39.— Argelander . 

- + 0"'54 _ + 0"‘38.— Main . 

' + 0"-56 - + ( y '‘37 .— Madler . 

DOOXXVII. € DRAOONIS. 

Position 354°’6 («>. 8) Distance 3"‘1 (te. 6) Epoch 1833’68 
_ 356°-3 (t». 6) - 3"-0 («. i) - 1846-77 

Th.ough there seems to he aoi increase of angle in the two epochs, I am 
inclined to consider it rather apparent than real, and to retain my opinion 
of the object’s fisity (Cycle, II. page 466). To the yalue of the proper 
motions there given by Padre Piazzi and Mr. Baily, the final results of the 
Rev. Mr. Main’s close researches may be added— 

^ = + 0"'23 Declination = — 0"-01 

e Braconis, it will be recollected, was one of the stars selected by Lord 
Wrottesley for his late investigation of parallaa:, and that it was omitted in 
the general summation because it exhibited differences less than its probable 
errors. This was a great attempt on the part of his Lordship, but science 
solicits redoubled efforts on the part of amateurs before the question he entered 
upon can be settled. Perhaps all double stars of short period should be 
observed throughout the year at or near the equator; at St. Helena, for instance, 
where some always visible might be selected in order to see how the equation 
of the angle of position would be affected by the parallax. 

DOOXXIX. 27 M. YULPEOULAl. 

( 1834-62. At Bedford . 

Mean epochs op obsebvation { 

Since the sketch of this wondrous nebula—which by the way does not 
weU represent the drawing which was handed to the artist—appeared in the 
Cycle (II. page 466), an astonishing naarch has been made in space-pene¬ 
tration by telescopes, so as to render us stiU further eye-witnesses of the 

2 p 
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unspeakable glories of tbe beavens. Some of the nebulae had resisted all the 
instruments and magnifying powers which could be brought to bcai upon 
them, so that it could not be decided whether they were optically or 
physically—apparently or really—nebulous, till the Earl of Itosse led the 
advance. Though I am still of opinion that there may exist much unlornuHl 
or luminous matter in space {see ante, pages 111-14), I am fully sensible ol 
the powerful eifects of that advance on some of the most remarkable bodi(.K 
of the universe: and of the one before us, his Lordship says “this is a most 
difidcult object. It requires an extremely fine night, and a tolerably high 
power; it is then seen to consist of innumerable stars, mixed with n(d)uloHiiy; 
and when we turn the eye from the telescope to the Milky Way, the similarity 
is so striking, that it is impossible not to feel a pretty strong conviction that 
the nebulosity in both proceeds from the same cause.” When Mossicn* lirst 
discovered it in 1764, he merely described it as an oval nebula without, a 
star: the difference between which, and as seen in my instrument, is la'sl 
shown in the following drawing, made imder the most favouring circum¬ 
stances—the definition of the telescope so admirable at the tirnci, that it 
showed concentric rings with equal distinctness with the eyepiecci on (utlu*r 
side of the focus. Yet this is the utmost which I could effect— 
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Before my sketch, was drawn, the donhle-headed shot, or dumb-bell 
nebula, was regarded as a couple of nebulEe with their luminiferous matter 
running into each other: but Sir John Herschel, with his 20-foot reflector, 
saw a faint luminosity Ailing the concavities, and converting the whole into 
a regular ellipse. Here is an exact copy of his beautiful representation, 
except that I have altered it to white upon a black ground, and adjusted the 
axis of symmetry to the vision of my telescope:— 



And now we have to complete the progression with Lord Bqsse’s mag¬ 
nificent senigma, as to which I repeat that the vastness of its extent is as utterly 
inconceivable as the dynamical maintenance of its form: and it will be 
observed, that, while the Parsons-town telescope resolves it into a myriad of 
suns, the form which presents itself in my drawing is lost. This constitutes 
a lesson to presumption, which is too prone to leap at conclusions, and catch 
at causes per saltwm. "When the aged and contemplative Thomas h Kempis 
breathed his “ Baise and refine my mind, pressed down with the dross of 
earthly desires, and draw my affections up to heaven and heavenly objects,” 

2p 2 
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he was little aware of the Ml force which might apply to his ejaculation; 
for he is not to he envied who can study the following without emotion— 



Conversing with Mr. Dawes on this object and its outlying stars, located 
probably but a short portion of the distance to the nebula, he told me that 
one I had marked was close double. There being a fine opportunity on the 
16th of September, IBS'?, with a view of testing my telescopic means, I made 
a dead set at it; yet, under all the coaxing I could exert—with positive, 
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negative, and single-lens eye-pieces, I could not manage to spHt it. But I 
sent a sketch of the field to Mr. Dawes; who replied—“ Tour diagram is 
quite correct about the little double-star preceding the dumb-bell nebula; 
a.n(^ it forms an interesting example of the fact that two faint objects, though 
not very close together, give the impression of one only. In this case, the 
distance between the stars may be nearly 3".” 

DOOXXXVII. 26 P. XX. ANTIXOI. 

Position 207°-9 (»9) Distance 3"-5 (« 6) Epoch 1832*80 

_210°*2 (w6) -- 3"*6 Cw8)- 1847*60 

_211®*0(w7)- 3"*4(w6) - 1857*71 

Instead of a sensible orbital retrogression, as inferred on comparing the 
observations of 1823 with those of 1783, my middle epoch seemed to imply a 
direct slow movement. I therefore renewed the attack after an interval of 
ten years; when the idea of motion received its ccyup de grace, and the fixity 
of the pair in relation to each other may be considered as satisfactorily 
established, although apparent anomalies exist in the data. It is to, be hoped 
some one will probe the matter ten years hence, for full confirmation. 


DOOII. 178 P. XX. DELPHINI. 

Position AB 256°1 («») Distance 14"*3 (wV) ■> 1836'91 

- AC 126°'0 (»1) - 20"*0 («1) $ 

_ Bb 210°*5(«8) - 0"*7(»i) - 1842*58 

--- AB 266°*5 (to 8) -14"*6 (« 8) J_ 1857*71 

_Bb 215°*0 (wl) - 0"*5(®1)> 

After an interval of fifteen years, this last set of measures was undertaken 
to find what Mr. Dawes’s star b was about; but such are the closeness and 
nature of the object that I could only get at an angle by preparing a bar 
across the field of view, and making on that a sort of estimation. In distance, 
though only guessing each time, it really seemed to be less open at my latest 
trial it was in 1842. The manner in which b was detected, and con- 
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Terted the object into a delicate qnadraple star, is related in the Oyde (II- 
page 480). Bh form, in aU probability, a binary system. 


BOOLIX. 49 OYGNI. 

Position 48°'8 («> 8) Distance 3''-2 («s) Epoch 1838'86 

*-48®-3 (w 6)-2"-7 4) - 1850-60 

-,— 50°-l(«8) - 2"-5 (w4) - 1867-71 

Notwithstanding an angular difference of nearly 10° between Sir "William. 
Herschel’s results and the later ones, it is doubtful whether there has been any 
change since 1783: my remarks in the Cycle (II. page 486) must therefore 
still be applicable. There is a very slight appearance of the components 
becoming closer; but a diminution of distance, without the increase of angular 
velocity with which, as a binary, it ought to be accompanied, is against 
Struve’s assumption—“ Bortasse in hdo differentia motus manifestatur.” I 
cannot but consider the fbsity as proven, and that the discrepancies are owing 
to instrumental want of concord. 

BOCLXIII. 7^ OTGNI. 

Position AB 104‘’-3(«.8) Distance 84"-9(w6) Epoch 1834-81 
- Aal30°-0(«l)-0"-7(«»i) - 1843-74 

I was inclined to have made another attack upon this delicate and dose 
object Aa, in the winter of 1863, but that, on reconnoitring, it appeared to 
me under increased difficulty; for to the eye they were not more than half 
a second of space apart, and moreover some desirable work, witbin my means, 
was to be achieved on its follower, 61 Oygni. But I satisfied myself of a 
rather remarkable fact, in confirming my former opinion, that the compo¬ 
nents of this ternary group are aU blueish, though differing in intensity. 
Mariotte’s mention of blue stars, alluded to in the Cycle (I. page 303), is in his 
Traits des Ooulears; and he tbiuks their light though faint is pure, without 
any mixture of exhalations. 
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DCOLXXI. 429 P. XX. OYGNI. 

Position 34° 6 (wS) Distance 2"-1 (ioS) Epoch 1833'69 

-34° 9 (to 9) -1"‘8 (w 5) - 1857’74 

I certainly thoHglit a qimtm was given to the annual motion of this 
star; but a passage was pointed out to me in a book of observations published 
in 1862, stating—“There is some probability in favour of a slow motion, 
as will be evident from the foEowing aeries.” Upon this I returned to the 
charge, and, from the evidence again reaped, am prepared to break a lance 
in favour of its fixity;—keeping in mind, however, the laxity of close measures, 
the ailments of different instruments, and the infirmities of personal equation. 

UOOLXXII. X EQUULEI. (2 Elamsteed.) 

Position 226°'6 («> 7) Distance 2"‘6 (u> 4) Epoon 1833*72 

_ 226°-4 (i® 8) -2"*6 (to 6) - 1867*68 

This beautiful pair remains apparently unaltered since its discovery by 
Struve, or rather since his measures of it in 1832. But I was princdpaUy led 
to a re-examination of it by Mr. Dawes’s having noted the components both 
blueish” in 1846; to my eye, however, they were white in 1833, and, nearly 
a quarter of a century afterwards, I was obUged to record them pearly white. 
There are two distant telescopic stars in the nf quadrant; and between them 
and X I caught up a very minute telescopic point of Eght, with gleams of 
star-dust in the field. On sending a diagram to Mr. Dawes for the benefit 
of his more powerful instrument, he wrote in reply—“ On the evening of the 
20th {September 1867) I obtained a look at X (2) Equulei. Tour glmpse sta/r 
certainly exists, but I am surprised at your even glimpsing it. It comes out, 
however, positively with high powers; and there is a pretty group of very 
minute stars nearly preceding your Ettle feUow.” 

The proper motions of x—supposed to prove an actual movement, either of 
the star itself, the solar system in space, or of the two combined—have nearly 
disappeared under the recent scrutinies. 
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DOOOLXVII. 61 OYGNI. 

Position 96°-3 («. 8) Distance 16"-3 («. 6) Epoch 1839’69 

___ 990-8 (to 7) -18"‘4 (“ ®)- 1848-07 

_103°-7(«;8)-17"*0(«.6)- 1853-80 

One of the most mterestmg and important revelations of astronomy is 
imdonbtedly 61 Oygni, the motions, the parallax, and the general details of 
which are to be fonnd in the Oyde (II. pages 494-6): snlBce it hero to say 
that the distance appears to be increasing, the path of progression seems still to 
be nearly in a straight line, and that there are more discordances than might 
reasonably have been expected in two nearly equal bodies so widely apart, as 
I have elsewhere remarked. The great amount of proper motion was dct^tcd 
byPiazzi, and has been abundantly confirmed; but it should bo attentively 
watched in future iu order to ascertain the plane of motion exactly; and also 
whether this motion be anywise illustrative of Mosotti’s stellar system (Cycle, 
I. pages 283-4). A reawmi of aU the proper motions at present ascertained, 
shows the following remarkably accordant values— 

611 OYGNI. 61^ OYGNI. 


Piazzi . . . iEl 4 - 6"-38 Deo. + 3"'30 
Baily ... + 6"*18 + 3"*24 

Argelander 6"-11 -I- 3"-23 

Taylor ... 6'^-64 •+ 2"-93 

Bmyih, ... + 6"-10 3"-31 

Main ... - 1 - 6"-09 + 3"-22 

MddUr . . + 5"'21 4- 3"-22 


M + 6"-30 Doc. 4- 3''*00 

4 5"'28 4- 3"-0.3 

+ 5"-19 4 - 3"-02 

+ 6"-52 4- 3"*12 

+ 6"-21 4- 3"'12 

4 6"-18 4 . 3"-00 


results which afford unquestionable proof, as well of the motion as of the 
crucial excellence of the meridional operations from whence they are derived: 
and though the iHustrious Bessel considered the data, on the whole, to be 
inadequate to afford a trustworthy set of elements for an orbit, ho concluded 
that the period of revolution must be more than 640 years. This, at present, 
appears to be a fair relative approximation to truth. Meantime it is a 
duty with those who have the means, to keep their eye on this most re- 
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itiavkahle object; and I will here close with, tbe mean of some measures 
handed to me by Mr. Metcher, since my last batch:— 

Position 107° 33' Distance 17"’766 Epoch 1866’67 

The expression which I quoted from Bessel (Cycle, II. page 496) that 
light occupies 10*3 years towing away from 61 Oygni’s remote moUle, 

merits the gravest meditation; since successive transmissions of luminosity 
plainly indicate the infinitude of space. Thus while light is 10 years in 
arriving from that little pair of stars, it cannot pass the interval between us 
and OapcUa under 70 years, nor from the nebula in Andromeda in 620 times 
70 years {see ante, page 100) 1 Hence originated my late friend Baron 
Humboldt’s truly grand conception, that—“much has long ceased to exist 
before the knowledge of its presence reaches us.” 


DOGLXXXIX. 0 GEPHEI. 


Position 260°'2 (u» o) 
-261°'0 («. 9) 


Distance 13"'5 (ms) Epoch 1833-54 
_ 13"-7 (to 9) - 1843-16 


My last observations of this fine object—a standard Greenwich star 
sufficiently convinced me of the relative fixity of its components during an 
iritcjrval of 64 years from its discovery by Sir William Herscheh We have 
been, however, a little at sea as to the colours of this pair, but the 
approaclxing, it is to be hoped, when a stricter notation will be observed by 
amateurs in this- respect. At present we have as follows— 


A Wliile B White 

A Wliitc B Purplish 

A White B Blue 

A Yellowish B Flushed Blue 


Sestini 

1844 

C. P. Smy^ 

1856 

W. H. Smyth 

1843 


1851 


DGGG. 29 AQUARII. 


POSITIOH 24i!”-0 (.8) Di8M0e4"'5 1.8) BkxIE 183M8 

_ 242”-2C.8) --^ 

This is a Tory toe object, eto I coirsider its optied condition to be y 

2 Q 
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confirmed, altliotigli the first measures were made by Stnivo only «ihout 30 

years before my second !Epocb. Since my last results Xiord Wrottosloy, at my 

request, baa obligingly re-examined the pair, to this effect 

Position 242°31' Distance 4"'066 Epoch 186'7‘708 
_ 242°33'-4"-041 -- 18/57.726 

Here also, as with 0 Oephei, we differ as to hues. Captain Jacob, who 
professes that “ his eye is not very acute in distinguishing colours, states 
that at Poonah, in India, to him they appeared lemon-tinted; and, in oi’d(ii 
to lead towards greater exactitude, as recommended under 0 Oepboi, I may 
add that they are thus noted by other observers— 

A Red orange B Same, lighter SesUni . . IH4() 

A White B Bright blue Lord Wrottealey . . 18/57 

A White B Blue-- • ' 

A Brilliant white B White Tf^. H. Smyth . . 1830 

A White BBlueish-• • 1H.'52 

HOGOXIII. r AQUARII. 

Position 362°-4 («»7) Distance 3"-5 iw 4) Epoch 1838-04 

- 3480-9 (i» 9) -2"*7 (w 6) 1842-/39 

- 347°-7 {to 7) -3"-3(w4) - 1848.02 

- 346‘=’-9(w8) - 3"‘2 (w4)-18/52-81 

Prom the discovery of this fine binary object in 1779 to the xn-csent time, 
the data obtained have been beset with discordances, which, however, on the 
whole, are rather apparent than real (Cycle, II. page 618); still these 
revolving suns are not yet ripe for an accurate orbit,—nor can I say more 
on that head, at present, than what I have there advanced. On the page 
above cited, there are discordant values for the proper motions of this curious 
system; but I am inchned to think Mr. Main’s research (see i] Oasaiopea) is 
the best authority. This gives in Ai -H 0“-009, and in N.P.H.—0"-03; and 
the next meridional reductions may prove even this amount to be a vanishing 
point—especially when certain useless decinial places axe knocked off. 
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DOOCXXI. I PEGASI. 

Position AB 120°-0 (w i) Distance 15"-0 («. i)» 

-AC 32'’-5 (to 2) - 110"-0 (u) 1) S 1834-79 

Tho Bedford epoch of this most delicate and difficult object is here intro¬ 
duced on account of the discrepancy in rating the components, as mentioned 
in the Cycle (II. page 622). On a reconnoitre in the autumn of 1867 I find 
it proper, with my eye and means, stiU. to adhere to the relative brightness 
and colours I have already registered. At my instance, Mr. Dawes ecsiamined 
$ on tho evening of the 20th of September in that year; and he rated the 
floniUes B = ll4, and 0 the lOi' magnitudes; A being, he thought, rather of 
a lijjlit yellow tint; B blue, and 0 white. “ The vicinity of the large star,” 
ho adds, “ of course mates B appear of smaller magmtude than it really is: 
and I tliinlc that, upon Hersohel’s scale, your estimation must be nearly correct— 
Jlorschol’s 16th being identical with my lOi. It is certainly brighter than 
hia 18th ought to be according to theory, as you observe.” 

DGOOXXIX. 306 P. XXII. PEGASI. 

Position 146°-4 (w 9) Distance 8"-5 6) Epoch 1833-88 

_146®-6 (w 8) - 8"-2 (u) 6) 1849-80 

_147‘>‘0 (to 6) - 8"-5 (ifl 5) 1864-77 

Time is stUl required before any definitive opinion can be pronounced 

on tho optical or physical conditions of this very fine, though deUcate, double 
star. A diminution of r-48 in angle between my observations of 1830 and those 
of 1849, encouraged the notion of a retrograde movement; but it vanished 
under the results of 1864, though the question stDl labours under ad the 
incertitude alluded to in the Cycle, (IL page 629). • On a fine evening of 
tho autumn of 1867, the colours recorded on the page here dted were confirmed 
by two pairs of eyes; the whole region, under a darkened field, being rich 
in telescopic stars, some of them compound, is worthy of being taken mto 
especial care by some amateur who is efficiently armed for the encounter. 

2 Q 2 



300 


SPBOULTJM hautwelliantjm:. 


DOOOXXXI. T OEPHBI. 

Position AB 241“*6 (wS) Difference = 11®'8 (w i) Epoch. 1838‘75 
- Aa 330“-0 (to 1) - - l"-8 («■ l) - 1843-77 

The Tna,TmRv of fiTiding jr Cephei to be a close double-stax with a distant 
companion, is related in the Cycle (II. page 631); but its being caught up 
was owing to using the macro-micro lens with a dark field of view. In the 
autumn of 1864, I again scrutinized it, but aU imaginable coaxings of eye 
and instrument could not improve on the estimates of position and distance 
of the little cornea^ which were made upwards of ten years before: I 
therefore let weU alone. Indeed sharp vision requires that A should bo well 
dewed up, and without flickering rays, rings, or mouldings. 

DCOOXXXYI. 69 P. XXIII. AQUAIIII. 

Position 272°-1 (w 0 ) Distance 7".5 («> r) Epoch 1834-79 

- 267°-6 («> 9) - 6"-6 (w 6) - 1862-83 

The effect of the proper motion of A, as considered probable in the 
Oyde (II. page 633), has not only not been verified, but has actually produced 
a variation to the contrary, in its change of place; and, as B has had no special 
movement assigned to it, ground is afforded for assuming that the pair are 
physically connected. It is evident that there is a slow retrocession of angle, 

and perhaps a diminution in the distance; but it will yet require a good interval 

of time before its phenomena can be pronounced upon with a confidence due 
to the question. 69 Piazzi is a very neat though delicate pair, and deserves 
a strict attention: its hues were tested in an unflluminated fidd, with a positive 

eye-piece magnifying 240 times, when A was recorded as being of a pale yellow 

tint, and B Blac, or reddish grey—or plum-coloured. 

DOCOXLIX. <r OASSIOPEJl. 

Position 323‘’-7 («> 8) Distance 3"-0 (u> 4) Epoch 1838-96 

- 326‘’-4 (u. T)' - 2"-9 (u)4). - 1848-71 

-324‘’-6 fw 8) - 3"-l («. 2) - 1858-10 



OBJECTS RE-EXAMINED. 


301 


My conviction of the fixity of this elegant pair, with their “ colores insignes” 
ill a rich stoUar field, was pretty fairly insisted upon in the Cycle (II. page 512); 
hut as an orbital change had been indicated by the observations of Sir "William 
Uevschol in I? 80 and 1804, to the amount of 11° in the interval, I gave it 
another shot. The results of this, in common with those of aU the recent 
operations on <r, fully prove the optical character of the object. 

Nor can this alteration of angle be aided by the movement which some 
stars are found to possess, independent of the apparent change of place due 
to the precession of the equinoxes; for strict comparisons of various meridional 
observations, at different epochs, assign but small and varying values; and 
lirobably the whole amount will disappear before the new Greenwich Circle. 
At iiresent the result of the latest researches stands thus: 

= + 0"’060 Declination = — 0".02.— Baily. 

— = _ ()"'015 _ = + 0".03.— Main. 

_— 0"*007 _= — 0".01.— MdMer. 

It may here be right to state, that I have just received a copy of Lord 
Wrott(wloy’s paper to the Royal Society “ On the application of the Calculus 
of rrobahilities to the results of measures of the position and distance of Double 
Stars.” I am not at present going to discuss whether the ordinary errors of ob¬ 
servation, or the nature and degree of the present manner of observing, demand 
so elaborate a process; but still the object of the communication is interesting 
and important, and therefore strongly recommended to the notice of astrometers. 
My object now is only to notice that <r Cassiopese is one of his selected stars; 
and that in the summary of his results, the position, by the ehminated mean 
of 112 measures, is = 324)°26^ for the epoch 1868 833. 

StJOH are the results of the re-examinations of a portion of my Bedford 
Catalogue at the Hartwell Observatory, wherein I had once plotted to overhaul 
the whole “Cycle” again, but for certain inconveniences in the going and 
coming. In the comparison of measures, the reader wiU have observed that I 
have not, as heretofore, beat the bush all over Europe for data, because I have 
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had ready and zealous aid at home, especially in. my valued correspondents Dawes, 
Fletcher, and Jjord Wrottesley; in fact, my illustrative estimates have recently 
been derived from those proportions which were supplied to me expressly 
for that purpose. Mr. Fletcher, indeed, expressed hunself singularly willing 
to work for the Cycle, to which—as he is pleased to say—he “ owes so much’ 
and in a letter of the 6th of June, 1867, he obligingly observes—“I bog to 
assure you, that I shall have both pride and pleasure in doing anything that 
my limited power will admit of, in furtherance of your views,” So frank and 
desirable an offer shall not be cast aside. 

It came to pass that, in the autumn of 1868, I repaired with my 
family on a visit into Cumberland, and, among other places of hospitality, we 
sojourned at Tam Bank. With the view of increasing his power as an eye¬ 
witness of God’s plenipotence and glory, Mr. Fletcher had resolved upon 
erecting a new observatory, and I was requested to give a casting vote to decide 
upon its site. This was quickly and satisfactorily arranged, as woU as the form 
and compass of an edifice for the reception of an equatoreal refracting * tele¬ 
scope of 9^ inches in aperture, and 12j feet in focal length—or distance between 
the object-glass and the spot where the image is formed by the crossing rays— 
which had been some time in hand, by the celebrated Mr. T. Cooke of York. 
This noble instrument, destined to important uses, will be mounted on a prin¬ 
ciple precisely similar to that which I adopted and described in the Cycle of 
Celestial Objects (I. pages 336-7), namely, that of a long polar axis, with the 
telescope on one side of it, and a counterpoise on the other; and, as in the 
Bedford instance, the moving power is a clock regulated by friction, and driven 
by a weight which here will have to impel a mass of at least one ton. But 
an axis of larger dimensions than mine was obviously necessary to sustain an 
instrument so much greater; and, to ensure smoothness of motion, it was 
resolved to oast one of a given size, in iron, expressly at the Lowca Engine 


• The Dutch painter’s noted anachronism of Abraham about to shoot Isaac with a pistol, is not a bit more pre¬ 
posterous than the frontispiece of an astronomical book published in 1858—even in our erdight&ned day—where 
Guldeo is using an equatoreally-mounted telescope, apparently made by Dollond or Troughton* 
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Works, boloBgmg to Messrs. Metcher, Jennings, and Oo. near Whiteliaven. 
Xccordingly, oTerytMng being prepared, we all betook ourselves to the foundry 
to witness tho interesting operation. It was a very fine evening on the 27th 
of October, 1858; but, before describing the process, a preliminary word or 
two regarding the object and intention may not be considered an unnecessary 
intrusion, especially as I am persuaded there will be personal zeal and talent, 
combined with instrumental excellence and strength, brought forward and 
applied in behalf of scientific philosophy, for that Aristotelian to kmAov which 
8u))limity delights in, and brings the conviction that 


If order, greatness, if true beauty lies 
Where perfect most, behold it in the skies! 

Tho polar axis is, as aboye stated, to be of cast iron, and ■will consist of 
01W* casting only; its total length will be 16 feet, with a central cube of 1 foot 
6 inches, diminishing to 8 inches in diameter towards the pivots at each end. It 
will therefore bo seen that the central portion is cuhical, and the thickness of 
metal free from the hearings of the decimation axis is half an inch; the end 
portions are conical, and the thickness of metal dimin ishes from three-eighths 
of jua inch beneath the cube to one-qnarter of an inch near the two extremities, 
where tho avis expands to give requisite strength for properly securing the 
pivots. The doolination axis is of hammered iron 4>k inches ia diameter, and 
oase-liardonod on the hearings. It bears directly upon the metal of the central 
cube without the interventiou of hushes of any kind; consequently it is without 
any power of adjustment whatever, and it must be presumed that the declina- 
tto Uolo is tmly at right-angles to tho polai a™. The pivots are of hardened 
stool and 2, inches in diameter. At the cube-end there is a cradle firmly 
wdM on: it is four feet in length, and to it the telescope is secured by means 
of fourpoworfiil damps, or dasps. Thus the cradle and dedination-ams form 
one pieco only: the other ertremity of the aris osiries the counterpoise, so 
that tho dodination holes irill not wear at opposite sides. To this may he 
added that the oirdea are of gun-metal, and of the strongest form, the dimneto 
of each hdng 8+ feet, and the graduations on sfiver. The northern support 
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of the polar a-iriR is an accurately proportioned Tuscan column ol cast-iron, 
bearing a bracket on its summit witb a yertical adjustment; its soutbovu (nid 
rests upon a heavy cast-iron frame, which will carry an azimuthal adjustmcnit, and 
on which the driving clock is to stand. h'inaUy, the whole will be covered by 
an elliptical dome, having an internal diameter of 18 feet, and revolving on 
eight railway wheels of 12 inches in diameter. 

Such will be the instrument to be directed shortly at the heavens from 
Tam Bank, and it is furnished with a double-image micrometer of varying powers, 
a wire micrometer with positive magnifiers to 1,000, and a battery of nt'gative 
eye-pieces ranging from 26 to 1,600. Now, as polar axes for such t(d(iscopoH 
are not made every day, the reader may like a memorandum of the casling 
of this one, and a view of the operation shall be appended from a drawing niadci 
on the spot by my daughter—Oaroline-Mary,* who was in the party asstnnbled 
at the Lowca foundry, as above stated. 

The mould was vertically contained in the square timber case which occu¬ 
pies the centre of the sketch, and reached as far again below the floor-ground, 
having been judiciously placed near the furnace and its “ roaring glow.” When 
the cauldron filled with the molten metal, the right-hand crane raised it till 
the bottom was even with the top of the mould, and it was tlnm shifted 
bodily round to approach the left-hand crane, the hook of which was made to 
seize the cauldron, and by means of the upper chain-tackling was brought 


* Jn JKfuwnim 


Alas! while this sheet is paasiog through the press {SeptenAer 27?^, 18fi9,) mj bolovod, amiable, 
and accomplished daughter is no more I A most sudden attack of the insidious diphtheria carried 
her off on Sunday evening (25^^); within a week of her having been a very type of happy life and 
cheerfdlnesB, and in less than a month of the day fixed upon for her union with my esteemed and 
excellent fiiend and correspondent, Mr. Isaac Fletcher, of Tarn Bank. T)r. Lee was her god-father* 

MORS lANVA VIT^. 
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to the desired bearing under the able superintendence of Mr. Henry Metcher. 
llie surface of the bright matter was then well sldnuned of every spumous 
partielo, and the ponderous eauldron being accurately tilted, the melted iron was 
g(m(;ly poured into the small cavity left for that purpose at the top of the mould. 

Notwitkstanding the general excitement, not a word was heard tiU the 
completion of the east became evident by the mould rejecting any more metal. 
It i)roved to bo a faultless casting, and stiff beyond the most sanguine expecta¬ 
tion ; for, a few days afterwards, the polar axis was suspended by its two 
])ivots horizontally, and laden in the centre to the weight of one ton, with 
scaredy a hair’s breadth of flexure. After amply testing that there was no 
flaw throughout, the axis was turned, planed, and finished for use. The reader 
is now prepared for the furnace scene— 
















CHAPTER YIL 


ON THE COLOHHS OP DOUBLE STARS. 


First the flaming red 
Sprung vivid forth; the tawny orange next; 

And next delicious yellow; hy whose side 
Fell the kind beams of all-refreshing green. 

Then the pure blue tiiat swells autumnal skies, 

Ethereal play’d; and then, of sadder hue, 

Emerg’d the deepen’d indigo, as when 
The heavy-skirted evening droops with frost. 

While the last gleamings of refracted light 
Dy’d in the fainting violet away. 

Thomson. 

In tLe Cycle of Celestial Objects (vol. I. page 300-4) I Have dwelt upon 
the colours of double stars; and in the Bedford Catalogue, which forms the 
second volume of that work, I have assigned such colours to all the objects as 
struck me at the time of observation. It seems that towards the close of 
the labours of Signor Benedict Sestini, of Rome, on a very extensive catalogue 
of stars, my book reached his hands, and led him to form the table which 
he has appended to his volume,* in hopes that the colours of stars may be 
more strictly watched. The conclusions which he had already arrived at were, 
that of two thousand five hundred and forty stars (those of Baily’s Catalogue 


♦ A selection from these, twenty-nine in number, was communicated by the late Professor De Vico to 
Schumacher at Altona, in 1848; who published the details in No. 684 of the Astronomische Nachrichten. 
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observed at Rome) the yellow stars are about half the total number, and 
equally distributed; the white stars are one-fifth, in scattered portions; and 
the orange rather more than one-fifth. The red and the blue are rare from 
the Pole to 80° of north declination; the blue then become numerous (= 4-) 
to the Equator, especially from m IS** to 20’'; and the red abound from 
0 to 30 south declination, and ia 16’' to 20’'. 

On Signor Sesiini’s instituting the comparisons which he haa described in 
his work, he carefully recorded the dates, as a step to ascertaining whether 
the colours may or may not be found to v£lry with time. Political furor— 
a deadly foe to science—drove De Vico, Sestini, and other distinguished 
members of the OoUegio Romano, from their country; and the two former 
sought and found an asylum in America. In passing through London, Professor 
De Vico had given me notice of the use to which my Cycle had been applied; 
and I afterwards received a copy of Sestini’s work, with the following letter 
from bim in English, dated George-town OoRege, March 19th, 1849:— 

“ Soon after Iliad completed this collection of ohsorvationa, T conceived the design of sending 
a copy to you, not only as a mark of respectful esteem, but also for having profited by your Celestial 
Cycle in tlio arrangement and comparison of the observations that I myself had made in the obser¬ 
vatory of the Eoman College. But the unmerited expulsion and exile that I and my brethren have 
sulTered, Imvo obliged me to leave almost evorytliing, and the printed copies of tlie little Memoria 
remained in the printer’s hands, ■where I think they are yet. Luckily, a while a^o, I found a few 
copies in a trunk, sent to mo after the death of our dear De Vico. Therefore 1 send you now what 
I could not send before, and at the same time, and without troubling you, I would desire to know 
what you advise upon this sort of observations. And, as I have the same objective gloss of 
Cauchoix that I have used in Rome to collect these observations, I deshe to know if you approve a 
review, not entirely but sufficiently general in order to examine if the dHToionee of the climate have 
any influence on the colour of stars. You can also, if you please, suggest more advisable moans 
tlian those I have adopted, and I should be very happy if the opportunity of having the same and so 
good an objective class that I have used for ten years in Italy could give me the means of lending 
some advantage to -the science: what so sincere a lover of this beautiful science as you are can easily 
find. On another occasion, and when I become better acquainted -with the English language, I hope 
to thank you for all your favours and kindness. Then also I will teU something of the new 
observatory of this George-to-wn College, erected and very weU furnished by the care of M. Curley, 
a very able and industrious professor, my colleague. 

“ The observations m^e and published •with my first Memoria are reprinted and coUeoted 

2 E 2 
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together -with oil the others of this second Memma, NeTertheless, if I had here a copy, 1 would 
join to the second, and I would send both to you.” 

In reply to Signor Sestini, I expressed my satisfaction with the course of 
his inquiries, as they might yet be of great yalue in a very interesting branch 
of physical phenomena. He should, however, remember that the colours I 
had recorded, were frequently noted after the eye was fatigued and biassed 
by previous working in an illuminated field, and reading minute divisions on 
graduated micrometer-cirdes. There were also the imperfections of the eye, 
the materials of the object-glass, and the various atmospheric media to be 
considered, before any crucial exactness could be expected; but that still, 
under every objection, approaches to satisfactory conclusions must inevitably 
follow a stricter attention to the subject. I therefore recommended occasional 
references to the heavens for this object only, with the eye kept in sharp 
order for the purpose, having carefully experimented the capacity of that 
organ in strictly identifying the many gradations of colour. Many of the 
tints of stellar companions would of course turn out to be merely complementary 
contrasts; but the inherent colours would become additionally valuable, as 
strict obseiwation upon them, under efficient means, advanced. Indeed, I 
added, it may be considered as fuUy proved, that the hue of some stars is not 
the effect of contrast, but a physical reality.* 

The unfortunate exiles—He Vico and Sestini—obtained a refuge in George¬ 
town, on the banks of the Potomac, in the United States; hoping for employment 
in the newly-erected observatory there. Shortly afterwards, in furtherance of in¬ 
struments and other scientific objects, the Professor recrossed the Atlantic ocean; 
but, worn with fatigue and anxiety of mind, he died in London on the 15th of 
November, 1848. Though usually known as a successful comet-hunter. He Vico 
was alive to all other branches of celestial research; and he had promised me that, 
whenever opportunity offered, he would foUow up “ i color! inaigni delle stelle.” 


* Secchi (Omrvatorw del CoUegio BomanoJ saye—“ Until now a means has been wanting to decide the 
degree of colour of double stars with precision. If I do not deceive myself I have succeeded, at least to indicate 
a meanB by wMcb we can determine it without mist^e in centuries to come: this means is derived from the 
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The question is pregnant with interest; and, as I consider, it may be ad¬ 
vantageously encountered by any diligent, sharp-sighted amateur who, possessed 
of a good telescope and inclined only to easy and pleasing work, is nevertheless 
zealous of being useful in the cause of knowledge. I have therefore subjoined 
the list of chromatic comparisons of Sestini’s observations with mine; to which 
I have added those colours which I have since noted at Hartwell. Several 
of them were confirmed in direct comparison by Hr. Lee; it was an occasion 
on wHch the eyes of ladies were prized, and the tints were mostly pronounced 
without reference to the older records. Here follow the details. 


Stars. 

Cycle No. 

SMYTII. 

SESTTNI. 

SMYTH. 

Spooh. 

Colours. 

Epoob. 

Colours. 

Epoch. 

Colours. 

85 PiBoium . . 

VU. 

isar-s 

A, Pale v>7die 

B. VioUt 

1844-8 

A, Yellowith 

B, Awwre 

1860-7 

A, While 

B. Purplith 

118 P. 0. Oeti . . 

xvn* 

1882-8 

,^1. Orecm yeX(m> 

B, StiMiltllue 

1846-8 

A. Yellomah 

B. As/ure 

1849-7 

A. Yelloviiah 

B» Pine blue 

148 P. 0. Oeti . . 

xxm. 

1887-9 

A. PaUto^poA 

J5. VioUt 

1846-8 

A. Orange yellaio 

B, Bitllamre 

1849-7 

A, Yellow 

B, P'lvshed blue 

tt OoBsiopeso . . 

XXIX. 

1848-2 

A, PaUvMU 

B, Purple 

1846-0 

A. Yellow 

B, Orcmge 

1860-6 

A. Dull white 

B, XAlae 

66 PiBoium . . 

XXXI. 

1888-2 

A, Pale yellow 

B. Pate yellow 

1844-8 

A. Yeltoioish 

B. Aeure 

1860-8 

A, Pale yellow 

B, Pate yelUne 

PiBoium . • 

xxxTn. 

1883-9 

A. Silvery white 

B, Silvery wJwte 

1844-8 

A, Pine azure 

B, Pine azure 

1849-7 

A* Fludisil white 
B. Pale wJUte 

a Ursse Minoris . 

XLIV. 

1888-2 

A* Topae yellow 

B, Pale wldte 

1846-6 

A. Ydlowith 

B* Azure 

1849-6 

A, Ydltyte 

B. Dull while 

^ Piscium . . 

XLvn. 

1839-0 

A. SUv&r white 

B. Pale grey 

1844-8 

A. Ydlow 

B, Dingy ydlow 

1849-7 

A. White 

B, (Greyish 

87 Oeti . . e . 

xLvnie 

1888-9 

A, White 

B. lAghlhUie 


A. Yellow 

B, White 

1849-7 

A, Creamy white 
5. lH\eky 

CosBiopess . . 

m. 

1886-8 

A. Orange tirU 

B. Blue 


A» White 

B, White 

1860-2 

A, Colden yellow 

B. Adircoloured 

86 P. 1. PiBOium . 

LIV. 

1887*0 

A. Yellow 

B» Pale ll/ue 

1844-8 

A, Yellow 

B, Azure 

1866-4 

A. Pale ydlow 

B. Bluith 

ty Azietu . • • 

LXXII. 

1837-9 

A, BrigU white ^ 

B. Pale grey 

1844-9 

A, White 

B, While 

1860-7 

A. Pdl white 

B. Paint blue 


gpelUm of ae deotric spark mezzo i dezmio daUo epetbro deOa zdtailla eUttrica), and I will skew it in 

My attempts hitherto, for want of time and apparatus, have not keen reduced to practice." 
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Stars. 

Cycle No. 


SMYTIL 


SESTINI. 


SMYTH. 



Epoch. 

Colours. 

Epoch. 

Ooloura. 

Epoch. 

Colours. 

\ Arietis . , . 

LXXVI. 

1830'9 

A, YeUoimh wMte 

B. Blue 

1844*9 

A. White 

B, Pale azure 

1867*7 

A. Pale yellow 

B, Plushed blue 

a Pisdiim . . 

LXXXI. 

1888*9 

A, Palegreefu 

B» Blue 

1844*8 

A. White 

B. White 

1860*8 

A. Greenish 

B. Pale blue 

y Andromedse . 

LXXXII. 

1848*3 

A, (h'ange 

B, Bmerald green 

1846*6 

A. Red orange 

B. LigMer red 

1860*8 

A. Leep yellow 

B» Sea-g^'eafii 

14 Arietis . , . 

LXXXVI. 

1833*9 

A. White 

B, Blue 

1844*9 

A. Yellowish 

B, Bluish white 

1867*7 

A . Pale white 

B. Grey 

72 P. II, CoasiopeBa 

XCVII. 

1834-S 

A, Pale yellow 

B. Lilao 

1846*6 

A. White 

B, White 

1867-7 

A. Yellowish white 

B, Purplish 

6 Poraei . . . 

CIX. 

1838*6 

A. Yellow 

B, Violet 

1846*6 

A. Yellow white 

B, Amre 

1840*6 

A, Yellow 

B. Lushy blue 

fl Peraei . . . 

OXV. 

1888*8 

A. Orange 

B, SmaUBlne 

1845-7 

A. Chldcn orange 

B, Azure 

1860*7 

A. Reddish yellow 

B. Blue 

82 Erldani . . 

oxLvn. 

1843*2 

A. Topaz ydhw 

B, Sea~greefih 

1846*9 

A. Yellow 

B, White 

1860*8 

A. Bright yellow 

B, Jf lushed blue 

Ip Taurl . . . 

OLVIII. 

1882*8 

A. lAgUred 
jQ. Cerulean him 

1846*8 

A. Golden orange 

B, Azure 

1862*6 

A. Paleretl 

B. Blue 

X Tauri . . . 

CLX. 

1881*9 

A. White 

B. Pale ehkjAilue 

1846*8 

A. White 

B, Azure 

1860*7 

A. White 

B. Grey 

62 Tauri , . . 

OLXL 

1835*9 

A. Silver white 

B Pwrple 

1846*8 

A. White 

B» White 

1860*7 

A. White 

B. Palo purple 

88 Tauri , , , 

OLXIX, 

1832*0 

A. Bluish white 

B, Cerulean ’blue 

1846*8 

A. White 

B. White 

1862*6 

A. Bluish white 

B, Blue 

r Tauri . . . 

OLXXL 

1831*9 

Ap Bluish wMie 

B. LUao 

1846*8 

A. Very white 

B» Azure 

1862*6 

A, Pale white 

B. Violet 

ar Aurigse . . 

OLXXIV. 

1833*8 

A. Pale red 

B, Light bJm 

1846*7 

A. White 

B, White 

1860*7 

A , Flushed white 

B. Light blue 

62 Eridani • . . 

OLXXV. 

1831*9 

A. 'White 

B. Lilac 

1846*9 

A, lighi yellow 

B, Azure 

1862*6 

A. PaU white 

B. Flushed blue 

14 Aurigse . . . 

OLxxxvm. 

1882*8 

A. PaUydlm 

B, Orange 

1846*7 

A. Wliite 
. B» Azure 

1860*7 

A. Greenish yellow 

B, Bluish yellow 

23 Orionis , . , 

oxcvn. 

1836*2 

A. White 

B» Pale grey 

1846*9 

A. Yellowish 

B. Bluish while 

1860*2 

A. Creamy white 

B, Light blue 

111 Tauri . . . 

Gxovm. 

1882*9 

A. White 

B, Lilac 

1846*9 

A. Yellowish 

B, White 

1867*7 

A. PaU white 

B. LUao 

118 Tauri . . . 

cov. 

1838*0 

A. WhiJe 

B, Pale blue 

1846*0 

A. White 

B. White 

1860*2 

II 

3 Orionis . . . 

OOXI. 

1836*1 

A* Brilliant white 
B, Pah violet 

1846*9 

A. Yellowish 

B, Veny white 

1860*2 

A. PaU white 

B, Flushed whUe 

X, Orionis . . . 

OOXV, 

1843*1 

A, PalewMle 

B. Violet 

1846*9 

A. Yellowish 

B» Bluish white 

1860*2 

d. Palemllow 

B, Purftkh 

1 Orionis . . . 

ooxvin. 

1882*1 

A. "White 

B. Pale blue 

1845*9 

A, Slightly yellow 

B, Azure 

1862*6 

A . PaU white 

B» Bhmh 
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Stars. 

Oydo No, 

SMTTn. 

SESTINI. 

SMYTH, 


ZpocU. 

GolOTlTB. 

Epoch. 

Colours, 

Epoch. 1 

Colours, 

20 Auriga . . 

ocxx. 

1833-1 

A. Pale ‘lolUte 
jB. Violet 

1846-7 

A. Yrllowi&h 

B, Blue 

1849-7 

A. Dvshj white 

B, Palehlue 

0 * OrloniB . . . 

OOXXII. 

1882-2 

A, Bright white 

B. Bluieh 

1845-9 

A, Yellow 

B* A sure 

1860-8 

A. White 

JB. Grey 

Orionis . . . 

ooxxni. 

1839-2 

A, To^aa ye Wow 

B, Lighiginrgle 

1846-9 

A. Yellow/sh 

B. Azure 

1860-3 

A, Yellme 

B, Flushed blue 

y Loporis . . . 

ooxxv. 

1882-1 

A, Light yellow 

B. Paleg^^eTL 

1845*9 

A. Orange yeUow 

B, Orange red 

\862-2 

A . Pale yellow 

B. PUushed 

8 MosooerotiB 

COXLV. 

1834-2 

A, Ooldeji yellow 

B. LUao 

1846*9 

A. Pale yellow 

B. Ydlowieh 

1860-8 

A. Yelloio 

B. Fimhcd blue 

15 Gominorum 

COXLYII. 

1832-0 

A. PC'uahed white 

B. Bluish 

1846-1) 

A, Orange 

B. Yellowish 

1862-4 

A. Pale white 

B. Ash coloured 

20 Goniinorum 

OOLIL 

1834-0 

A, Toyazydlow 

B. Vendean Hue 

1846-U 

A. Yellowish orange 

B, Yellow 

1840-7 

A. Yellow 

B, Pale blue 

Oonia Majoris . 

OOLXX. 

1834-1 

Fliieheil white 

B» Ruddy 

1846-9 

A. Yellowish 

B* Reddish 

1861-3 

A, Bluish vdiite 

B. RmJUly 

a Guminorum 

00X011. 

1843-1 

A. Bright white 

B. Pvde white 

1846-11 

A. Yellowish 

B. Yellow 

1849-2 

A. Vary white 

B. PaU white 

Z Oanori . . . 

cooxv. 

1818-1 

A. Yellow 

B. Orange tinge 

1846-11 

A. Yellow 

B. White 

1849-2 

A. Yellow 

B. Jinglil yellow 

^ Cancri . . . 

OGOXX. 

1843-2 

A . BiVoery white 

B. Silvery white 

384C-0 

A. Yellowibh 

B. White 

1849 2 

A, White 

B, Pale white 

u' Oancri . . . 

OOOXXI. 

1843-2 

A. Pale wJiite 

B. Qreyieh 

1846-0 

A. White 

B. White 

1849-2 

A. White 

B. Bushy white 

72 P. viii. Argo Na¬ 
vis 

oooxxin. 

1830-8 

A. Red 

B, Qreen 

1846-1 

A . Orange red 

B. Yellow 

1861-8 

A. Orange 

M. Bluish grem 

108 P. Yin. Uydras 

OCOXXYI. 

1839-1 

A, Pale yellow 

B. Rjoae Uni 

1846-0 

A. Orange 

B. Orange 

1849-2 

A. Full yellow 

B, Flushed 

4 Oancri . . . 

OOCXXXYI. 

1836-2 

A. Pideomnge 

B, Clear Hue 

1846-0 

A . Fine orange 

B» Azure 

18613 

A. Dusky orange 

B, Supphire blue 

^ Uydrco . . . 

OOOLX. 

1831-9 

A. Fluahed white 

Bm Lilac 

1846-1 

A. Yellow 

B, Yellow 

1861-3 

A. Pale white 

J5. Dusky 

6 Looms . . . 

OOOLXIII. 

1882-2 

A. Pale rose tint 

B, Purple 

1846-n 

A. Fine orangr 

B. WhUe 

1861-3 

A. Flushed yellow 

B, Pede purple 

7 Looms . . . 

OOOLXIV. 

1832*2 

A. Fluehel white 

B, Violet Uni 

1846-0 

A. Baiher yellow 

B. Wh'Ue 

1861-3 

A. Bluish while 

B, Pede violet 

0 Scxtantifl . . 

OOOLXXL 

1832-2 

A. Blue 

B, Blue 

1846-0 

A . Dingy orange 

B, Dingy orange 

1861-3 

A. Flushed blue 
jB. Pale blue 

80 SextantiB . . 

OOOLXXXIY. 

1889-1 

A. Topae yellow 

B. Smalt hhie 

1846-1 

A. Pale yellow 

B, Pale yellow 

1849 2 

A. Rich yellow 

B, Ceruieem blue 

54 Leonis . . . 

000X01. 

1839-3 

A. WHte 

B. Grey 

1846-0 

A. Yellow 
jB. WhiU 

1861-3 

A . Silvery whUe 

B, Ash~coloured 

^ Leonia . . . 

’ 

COCCY. 

1831-2 

A . Pale yellow 

B, Violet 

1846-2 

A. Pale yellow 

B. White 

1861-S 

A. PaUyelloxc 

B. Dusky red 
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Stan. 

Cycle No. 

SMYTH. 

SESTINI. 

SMYTH. 


Epodi, 

OoloTire. 

Epoch. 

O 0 I 0 UT 8 . 

Epoch. 

Colours. 

90 Loonifl . . • 

OOOOXXI. 

1836-4 

J.. SUvet'y whiU 

B. Puf^lish 

1840*1 

A, White 

B. White 

1861*3 

A* Siher white 

B, Palejgw*^le 

J CJorvi . . . 

OCOCXLYI. 

1831*3 

A. Pale yellow 

B, Purjfie 

1846*8 

A. SligMy yellow 

B, White 

1861*3 

A. Light yellow 

B, Pm'ple 

24 Comce Bereniois 

OOOCLI. 

1836*4 

A, Oramge colour 

B, B'Oiemld thit 

1844-4 

A. Gold 

B. Atwre 

1861-S' 

A* Or wage 

B, Lilac 

143 P. XTi. Yirginis 

OOGOLIU. 

1833*3 

A. Paleyellm 

B, Qreemsh 

1846*8 

A. Red 

B. Aeure 

1861*3 

A* Yellowkh 

B, Flashed Hue 

12 Oanum Yenati- 
oorum 

OCOOLXVI. 

1887-4 

A, Flushed white 

B. Pale lilac 

1844.6 

A. Yellow 

B, Blue 

1860*6 

A, Full white 

B. Very fate 

^ Ureee Majoria . 

OCOCLXXX. 

1830-3 

A. Brilliant white 

B, Pale ffnierald 

1844-6 

A. White 

B, Yellowish 

1849*2 

A. White 

B, l\Ue green 

L Bootle . . . 

DYIIL 

1838*2 

A, Pale yellow 

0. Creamy 

1844*6 

A» Orange yellow 

C. Azure 

1860*6 

A, LigM yellow 

0 . Lusky white 

r Bootle . . - 

DXVII. 

1836*6 

A, White 

B. White 

1844*4 

A, Yellow 

B. Less yellow 

1860-fl 

A, White 

B. Creamy 

10 Hydra) . . . 

DXIX. 

1881*6 

A . Pale orange 

B. Violet tint 

1846*4 

A. Yellow 

B. Yellow 

1861*4 

A , Deep yellow 

B* Reddish violet 

212 P. XXV. Llbne 

DXXIY. 

1883-4 

A, Straw colour 

B, Tdlow 

1846-3 

A* Orange 

B. Oramge 

1861*4 

A. Yellow 
jS. Lusky 

44 Bootis . . < 

DXXIX. ! 

1842*6 

A, Pale vMte 

B, Lucid grey 

1844-6 

A. Ormge 

B. Ortmge 

1868*6 

Af Pale yellow 

B. Lushy 

2 Bootis . . . 

DXXXYII. 

1836*6 

A . Pale yellow 
j 8 . Light Hue 

1844*5 

A. Gold yellow 

B. Yellowish azitre 

1861*8 

A, Yellow 

B* Lilac 

fi} Bootis . . . 

DXLU. 

1832*8 

A. Flushed white 

B. Greenish white 

1844*6 

A, Yelloio 

B» Yellowish aeure 

1860*6 

A, Yellowish 

B, Greenish white 

g Ooron© Borealis 

DXUX. 

1842*6 

A* Bluish white 

B, SmaXtllue 

1844*6 

A, White 

7?. White 

1850*0 

A. Flushed white 

B. Bluish green 

51 Libr© . . . 

DLYIII. 

1842*6 

A. BrigU white 

B. Pale yellow 

1840*4 

A* Orange 

B, Orange 

1860*6 

A. CSeamy white 

Bs Pale yellow 

fi Boorpii . . . 

DLIX. 

1836*4 

A, Pale white 

B. Lilac tinge 

1846*4 

A, Yellow 

B, Whitish 

1861*4 

A, Yellowish white 

B* Pale lilac 

Heroulls . . 

DLX. 

1886*4 

A, Light yellow 

B. Pale ga^mei 

1844*6 

A. Yellow 

B, Orange 

1861*3 

A. Pale yellow 

B, Reddish yellow 

V Sooipii . . . 

DLXI 

1881*6 

A. Bright white 

B, Pale lilac 

1840*6 

A. Yelloicish 

B. White 

1860*6 

A, Pale yellow 

B. Dusky 

O’ Scorpii ; . . 

DLXYUI. 

1838*3 

A. Creamy white 

B^ lAlac tii^i 

1840*6 

A, Yellow 

B, White 

1861*4 

A, Dusky while 

B. JHum colour 

286 P. XVI. Scorpii 

DXOIII. 

1833*4 

4 . Yellowish wUte 
B. Pale green 

1840*6 

A. raiow ' 

B. White 

1861*4 

A, Creamy white 

B, Greenish 

fA Draconis . . 

Don. 

1839*6 

A, White 

B, White 

1844*6 

A. Yellow 

B. Azure 

1860*7 

A. White 

B, Pale white 

30 Opbiuohi . » 

DCIY. 

1842*4 

A. Ruddy 

B Pale yellow 

1846*6 

A, Orange yellow 

B, Orange yellow 

1861*4 

A, Ruddy tint 

B. Yellowish 
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SMYTH. 

SESTINI. 

aMYTH. 

Stars. 



Oyde No. 

Epocli. 

Colours. 

Epoch. 

Colours. 

Kpooh. 

Colours. 

80 Ophliiohi 

• 

' 

DOVII. 

1838-6 

ui. Pale orange 

B, Blm 

1846-6 

A, Orange 

B. Yellow 

1861-4 

A. Pale orange 

B. Bluish 

V SerpontiB 


• 

DOX. 

1882'8 

-i. Pale ma-green 

B, Lilac 

1846-6 

A. Yellow 

B, Red 

1851-4 

A. Silvery titU 

B, Native copper 

p Horoulis 

• 


Doxni. 

1839-7 

A. Bhiith vthite 

B, Pale emerald 

1844*4 

A. Yellow 

B. Leeper yellme 

1860*6 

A. Greyish 

B. Greenish 

63 OpMuolii 



Doxvni. 

1880-6 

A. Bhdah 

B. Bluish 

1844-6 

A. White 

B, Amre 

1860-6 

A. Gh'eyish 

B, Pale blue. 

06 Horoulia 



DOXXXL 

1883-8 

A, Greeuish 

B, Cherry red 

1844-6 

A. Gold yelltyiQ 

B. Gold yellow 

1861-8 

A. Pale green 

B. Reddish 

70 Ophiuohi 



Dcxxxm. 

1842-6 

A. Pale toiioz 

B, Violet 

1846-9 

A. Gold yellow 

B. Gold yellow 

1840-6 

A. Topaz yellow. 

B. Purplish 

0 Draoonis 



DOLXXIt. 

1887-9 

A, Orange yellow 

B. Lilac 

1844-6 

A. Pine onviige 

B Copper colour 

1861-8 

A. Orange 

B, Lilac 

15 Aq[uil8a . 



DOLXXVni. 

1831-0 

A. White 
• B. Lilac iini 

1846-6 

A. Reddish 

B, Red orange 

1861-4 

A. Yello%oisfi white 
j5. Red lilac 

28 AquUm . 



DOXO. 

1881-4 

A. Pale white 

B, Deep blue 

1844-6 

A. While 

B Yellow 

1861-4 

A. Bushy white 

B Lilac blue 

/3 Oygni . 



DOO. 

1837'6 

A. Topaz yelltm 

B. Sapphire blue 

1844-6 

A. O^migegold 

B, Azim 

131S-6 

A. Golden yelUtw 

B. Smalt blue 

f Sagiltto . 



DOOIV, 

1833-8 

A. Pale white 

B Light blue 

1844-6 

A. Yellow 

B, Bluish yellow 

1860-6 

A. Paint yellow 

B. Bluish 

6 d Sagittarli 



D007, 

1887-6 

A. Tollow 

B, Violet 

1846-6 

A. Omngc 

B. White 

1860-7 

A. Yellow 

B* Pale lilac 

1 SagittsD . 



Dooxvin. 

1838-6 

A. Silvery white 

Bt Blue ' 

1844-6 

A, Yellowish white 

B, Acare 

1860-6 

A. PYushed white 

B. Cerulean Um 

60 Aquiloo . 



DOCXXIL 

1834*6 

A. Deep yellow 

B. Pale hliie 

1846-6 

A, Yellow 

B. Yellow 

1860-6 

A. Yelhm 

B. Bluish 

M Qopliai . 



DOOXLIII. 

1838-8 

A. Bright white 

B. Smalt blue 

1844-6 

1 

A, Yelkuish 

B. Azure 

1861-3 

A. PaleycUow 

B. Blue. 

y Dolpliiui 



DOOLXIL 

1830-7 

A. Tellfyu) 

B. Jjight euieridd 

1844-6 

A. Orange 

B. Ydtuw 

1860-7 

A. Golden yellow 

B, Pliuhed gi'ey 

1 Equulei * 



DOOLXX. 

1838-8 

A. White 

B. Lilac 

1844-6 

A . Gold orange 

B, Azure 

1861-4 

A. Pale yellow 

B. Bluish lilac 

1 Pogaai . 



DOOLXXXII. 

1833 0 

A. Pale orange 

B, Purplish 

1844-6 

A. Orange 

B. Amn 

1851-4 

A. Beep ydlow 

B, Lilac blue 

^ Oepboi . 



DOOLXXXIX. 

1848-1 

A. White 

B, Blue 

1844-6 

A. WliUe 

B, White 

1861-8 

A. Yellowish 

B, Flushed blue 

8 Fogasi . 



DOOXO. 

1837-8 

A, White 

B. Pale blue 

1844-5 

A* Whide 

B. Yellow 

1860-6 

A. Flushed while 

B, Gj'eyish 

1 Fegasi , 



DOOXOIV. 

1838-6 

A. Yellow 

B. Blue 

1844-5 

A. Gold yellow 

B. Azure 

1861-4 

A. Bright yelhw 

B Blue lilac 

fi Oygni . 


• 

DOOXOV. 

1839-6 

A. White 

B. Blue 

1844-6 

A. Yelloio 
j More yellow 

1860-6 

A. White 

B. Pale blue 
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SMYTH. 

BEHTINI. 

SMYTH, 

Stars. 

Cycle No. 

Epoch. 

Coloura. 

Epoch. 

ColourH. 

Epndi. 

<h)hmrM. 

29 Aquani . . . 

DOCO. 

1830*8 

A. Brilliant white 

JB, White, 

1846*6 

A. Bed orange 

B. SaviSf liglUer 

iHDa-7 

A. nv/ite 
/I. /;/««. 

5 Cephei . . . 

DCOCII. 

1889-6 

A. Bluish 

B, Bluish 

1844*0 

A, White 

B Yellowish 

1H61*I 

*4. ashed 

II, l\tle Cflar 

1 Aquarii . . . 

DCOOXIII. 

1842*6 

A. Very white 

B. While 

1846*8 

A, Omnge yelhw 

B. Pale yellow 


- 1 . IHiuhfd white 

B, (Jreanni 

S Cephei . . . 

DCOOXV. 

1887*7 

A. Orange tint 

B, Fine Hue 

1844-6 

A, Orange 

B, Azure, 

184!l-a 

A. Ih'ep yellow 

II, Vi'ralean blue 

r' Aquarii . . . 

DCCCSXII. 

1838*7 

A. While 

B, Pale garnet 

1846*8 

A, White 

B, Azure 

1K4U-2 

A, /*ttle irliifa 

It, PHushed 

Aquarii. . . 

DCCOXXXIII. 

1884*9 

A. Orange tint 

B. Shy blue 

1846*8 

A. Gold 

U, Azure 

1H60*H 

A . Topaz yellow 

It (Iceuhnn blue 

94 Aquarii . . . 

DCOOXXXIV. 

1838*9 

A . Pale rose tint 

B, Liglil emerald 

1846*8 

A. Orange yellow 

B, Omnge 

IHOO-S 

* 1 . Otvnge tint 

It. Idne 

101 P. xxiii. Oafl- 
siopetB 

DOCCXXXIX. 

1880*9 

A, Light yellme 

B. White 

1814*0 

A, White 

JU YetlowUh 

isr»2*7 

,1 /*fde white 

It ydbovihli 

107 AquBJii . . . 

DCCCXLIV. 

1832*8 

A, Bright white 

B, Blue 

1846*8 

A. VeUimsh white 

B, Ydloieish 

lsriO'7 

A. White 

It, /^nrylish 


AH tlie differences in the above list are sulyoct to several doubts, and many 
of the records have been noted ■without a very strict attention to the quosl,ioii. 
I have, in the Cycle, mentioned the many disagrcenunits b(>.tw(M‘n tlu^ tints 
of stars as given by Sir William Herschel and myself; and the aiioinaly is pai'ily 
accounted for by his peculiarity of vision, and partly by the tone of nnstal in his 
reflectors. But I am at a loss why refractors should differ so widely as here 
sho’wn; and therefore hope the subject will be morci closely pursued than it 
has hitherto been. I am aware that the notations indepondcsntly rnade at 
various epochs -will vary in term, though to the observer’s ey(! they may numn 
‘ nearly the same tint; but some of the differences mentioned by Signor Sostini 
in his interesting Memoir are singularly striking, lie says—“Now, beg^inning 
with the companion of 7 Andi’omedse, we have Smyth emerald-green and Sostini 
white; but Herschel and Struve at another date call it aKUi’c. M oi'oovor, 
observing it again after a lapse of two years, and four years after Smyth, I 
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find it no longer white, but a strong bine!” And again—“ Now see B ( 96 ) 
EEeroulis; according to Smyth one is greenish and the other red; but we 
think them both a golden yellow. A Ophiuchi, by Smyth, one ruddy and 
the other pale yellow; but we take them to be both orange. The contrary 
occurs in » Bootis, the components of wliich by Smyth are both pale yellow; 
but wo deem one to be orange and the other azure.” 

Under the circumstances to which I have already alluded, I am not at 
this stage disposed to theorise on the objects thus brought into juxta-position: 
and the colours of double-stars must be much more accurately assigned, and 
more ably experimented upon, before we can admit that the nature and character 
of those suns can possibly change in short periods. Sir David Brewster observes, 
that there can be no doubt that in the spectrum of every coloured star 
certain rays arc wanting which exist in the solar spectrum; but we have no 
reason to behove that these defective rays are absorbed by any atmosphere 
through which they pass. And in recording the only observation perhaps yet 
made to analyse the hght of the coloured stars, he says—“In the orange- 
coloured star of the double-star § Ilercuhs, I have observed that there are 
Hovcral defective bands. By applying a fine rock-salt prism, with the largest 
possible refracting angle, to this orange-star, as seen in Sir James South’s 
great achromatic refractor, its spectrum had the annexed appearance (in the 
Oampdon HiU Journal), clearly shewing that there was one defective band in 
the red space, and two or more in the blue space. Hence the colour of the 
star was orange, because there was a greater defect of blue than of red rays.” 
This instance shows, that an approximation by instrumental means to the 
spectra of the brighter stars ought not to be despaired of. 

In the year 1866 , on my son’s going to the island of Teneriffo to make his 
“Astronomical Experiment,” it occurred to me that it would be a singularly 
fine opportunity to test sidereal polychromy; since it would be marked from a 
spot where some thousands of feet of the grossest portion of our atmosphere 
are eliminated. He accordingly scrutinized the following stars from the " Cycle ” 
for me: those on the 29 th of July and 4 th of August were examined with the 

2 s 2 
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5.foot Sheopshioiis’ equatoieal, at Guajaia, a height of 8870 feet , aM thowi 
of SeptemhM 4, 6, and 6, were made «th the Pattinson teksoope of 7-85 mohos 
apertote, mid paraUaetto movemeat, at the Alta Tiata, where the altitude la 
11 000 feet. These are the registered results: 


July 29tli \ 


August 4th 


Sbpt. 4th I 


( a Herculifl 
39 Ophiuchi 
5 Serpentis 
p Herculis 
95 Herculifl 
70 Ophiuchi 
a LyrsB . 
a Herculifl 
95 Herculifl 
70 Ophiuchi 
5 Aquilflc 
28 Aquilfifl 
/3 Cygni . 

186 P. Antinoi 
a Scorpii 
a Herculifl 
^ S&gittsB 
a® Capricorni 
1 Pegasi 
|3 Cephei 
8 Pegasi 
^ Piscium 
y Arietifl 
\ Arietifl 
a Piscium 
a Aquilfls 
y Delphini 
T Aquarii 
a Piflcifl Australis 
if/ Aquarii 
94 Aquarii 
101 CassiopesQ 


Sbft. 5th ^ 107 Aquarii 
35 Piscium 
113 Oeti . 

y Arietia 
222 Arietifl 

a Piscium 
y Andromedfls 
32 Eridaui 


, A. Cadmium yeUow . 

, B, Qreenish 

, A. Pale yellow 

, B. Wtte 

. A. Pale yellow 

, . B. Warm lilao 

. A- WhUe 

. . B, Bluish 

. A. White 

. B. White 

. A. Pede yellow 

, . B. Qreenish 

. A. White 

» B. 

. A. Cadmium YeVaw. 

. B. Greenish 

A. antZB. both yeUoui wiOi tinge of Uimh-green 

A YeUow 

, . U. 

. A. Pale yeUow 

. B. Blnislu (-. Bhui 

. A. White 

. B. Blue 

. A. Pale yeUow 

a B. Blue 

. A. YeUow 

. B. 

. A Coppery red 

, B. Blue 

. A. Orange 

. . B. Greenish 

. A. YeUow 

. B. 

. A. YeUow 

. . B. Blue 

. A. YeUow 

. B. Blue 

a A. White 

. B. 

. A. WhiUeh 

, B. Warm grey 

. A. YeUow 

. B. Grey 

. A. White 

. B. White 

. A. Pale yeUow 

, B, Light liUw 

, A. White 

a B, IF/ii/e 

. A. Pale yeUow 

. B. Grey 

, Ae Cadmium yellow . 

. B. Qretjish tinge 

. A. Light yellow 

. . B. Po/fl uinlet 

. A. White 

. B. 

. A. Cadmium yellow . 

. B Blue 

, A. 

, . 11. Light warm lilwi 

. A. Light yellow 

. Be Grey, b* toe 

, Q. Blue . 

. D. Violet 

. A. Pale yellow 

, B, 

. A FeZtow 

. B. Pak violet 

. A. Bich yeUow 

, B. Warm grey 

. A. Light yeUow 

, B. Light yeUow 

. A. Grey . 

, B* Blue 

. C. iitee . 

. J), YeUow 

. A. White 

. B. White 

. A. Ortzj^ge 

. . B. and C. Green 

. A. Orange 

. . B. Greenish 
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ff CaaaiopeDB 
35 Piscium 
113 Ceti . 
146 Ceti . 
ri Gassiopese 
65 Piscium 
xp' Piscium 
\ Z Piscium 


. A- Pale yellow 
. A. Pale yellow 
, A- Yellow 
. A. YeUow 
. A, YeUow 
. A. White 
. A. While ' 

. A. White 


. B. Lighilhe 
. B. Pale lilac 
, B. Warm grey 
. B. Pale violet 
. B. Indian red 
. B. White 
. B. White 
. B. Beddisk 


In the above list, there seems to be a very general similarity of eye-judgment 
between my son and myself; whence it would appear that the difference made 
by 11,000 feet of lower atmosphere on the colours is not so great as might 
have been anticipated. But the most striking and inexplicable difference is 
that of 9B Herculis; for, in the observations at the Peak of Teneriffe, the tints 
of the two stars—though not quite the same at each examination—were judged 
to be common to both, and the impression was ratified by the evidence of 
some Spanish visitors at the astronomical aerie. Not a little taken aback, 
however, by the unexpected announcement—the more unexpected in consequence 
of the general agreement which existed throughout the list, even in some 
of the most delicate hues—I took the earliest opportunity of returning to 
the cliarge, when there I found A apple green and B cherry red, as recorded 
by mo nearly a quarter of a century before 1 To avoid all suspicion of bias I 
invited my colleagues to the task, and soon received an answer from Mr. Dawes, 
saying—“ On referring to my colour-estimations, I find that they agree very 
nearly with your own.” lord "Wrottesley pronounced A to be greenish and 
B reddish in 18B7'46; and at the same epoch Mr. Pletcher reported that A, 


to his eye, was light green and B pink; while to his brother H. A. Pletcher 
one was bluish green and the other orange, and to Mr. T. W. Oarr A was 
either light blue or green, and B dull red. To add to the perplexity of the 
instance, Sestini saw them both golden yellow at Bjome, in 1844; while his 
eoEeague, De Vico, in the memoirs of the “ Osservatorio del Oollegio Romano,” 
in the same place and with the same instrument, dubs them “rossa e verde.” 
Assuredly this is most passing strange, since the means in these cases were 
pretty equally powerful, and chromatic personal equation —or the faculty in 
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a greater or leas degree of appreciating differences of colour, cannot be entitled 
to consideration with the discrepancies of 96 Herculis. 

Under onr present practice, various difiS-culties are presented, for the 
designation of hues uttered in parlance by several persons often means the same 
tints in different words, and these will not always quadrate with the chromatic 
language of photologists. The wonder, however, is not so great that, with¬ 
out a due noi^ienclature, we should differ so much from each other, and even 
from ourselves at different dates, but that, with such an unorganized practice, 
so many instances should coincide relatively. In many cases the difference 
of colour in the components of a double star are real; but when they are merely 
complementary, the fainter of the two may possibly be a white star which 
apjDcars to have the colour complementary to that of its more brilliant compauioii. 
This is in consequence of a well-understood law of vision, by which the retina 
of the eye being excited by light of a particular colour, is rendered iusensihlc 
to less intense light of the same hue,—so that the complement ot the whole 
Light of the fainter star finds the retina more sensible than that part which 
is identical in colour with the brighter stai*; and the impression of llu^ com¬ 
plementary tint accordingly prevails. But the accurate perception of the colour 
of a celestial body often depends as much on the condition of the eye when 
the object is seen, as upon the object itself; and possibly the achromatism ol 
the object-glass, which, being adapted to the solar spectrum may not be suitable 
to the spectrum of a star, ought to be taken into account; as well as a nice 
adjustment of the eye-piece, to lead to a discrimination between real and illusive 
appearances. The powers of colours in contrasting with each other, agree with 
then? correlative powers of light and shade; and such are to he distinguished 
from their powers individually on the eye, which are those of light alone. It 
may assist the memory of the inexperienced observer, to remind him that the 
primary colours and their complementaxies are in these relations— 

Kod . . . Green 

Blue . . . Ora^ige 

Yellow , . Violet 
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and from tliese a scale may be readily drawn np of the subsidiary tints and their 
opposites (the male and female lights of Milton*), through all the twistings 
of Iris: and if he will bear in mind the laws of harmonious alliance and con¬ 
trast of colour - that yellow is of all hues the nearest related to light, and its 
complementary violet or purple to darkness—that red is the most exciting and 
positive of all colours, and green the most grateful—that blue is the coldest 
of aU hues, whilst orange is the warmest—much of the apparent mystery of 
harmonizing the miiltiplied tints of primary, secondary, and tertiary colours, 
will bo readily accounted for. 

In the present incertitude, it is suggested that variations in colour may 
be owing to variations in stellar velocity; but in this case would there not 
also be as palpable a variation in brightness? If it shall be found that the 
tints actually vary, the comparative magnitude should also be carefully noted, 
to establish whether a variability in brightness accompanies the changes of 
colour. Sostini, however, does not view the matter in this light: he holds 
that the undulations of each colour arrive in succession to our eyes, and that 
therefore at last, when they have all reached us, they will appear white. In 
arguing the circumstances necessary for the case—as the strength of vibrations 
with their number and velocity in a given time—^lie cites Huyghens, Euler, 
Young, Erosnol, and Arago. Quoting Herschel’s data, ho observes, that live 
hundred and thirty-six billions of • vibrations cause us to see yellow, while six 
hundred and twenty-five billions exceed the uTimber that shews blue: that 
is, when the tangential celerity of the moving star in relation to its companion 
comes at its maximum to equal one-tlvirteenth of that of light. Its green 
colour wiU change insensibly into yellow on increasing its distance, and then. 


» TliO notion of male light being impai-lud by the Sun, and femalu light by die Moon, is as old os the hills. 
1‘liny, in his Ctolofjeiwa (Kb. it. eap. 100 and 101,) mentions it as a condition “which we have been taught;” 
and he details the influences of the mascnliuo and feminine stars. Here, probably, Milton imbibed the hint to 
which I alluded in the Cycle (1. page 301)— 

Otlier suns, perhaps, 

With their attendant moon a, thou wilt deacry, 

Communicating mule and female light “ 
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through the .ame steps, it wfll agata beeome greeu; hoyoud u'luoU, 
aa it approaehea the eye, it wffl heeome a Ml blue; toaUy, m tl.e uiyraso 
order, it will turn to green, and so on. But this explanation is not admissi o, 
as may be readily shown: for instance, if we accelerate tlie ydooity ol tlio 
star to one-flfth of that of light, we shaU have the number of yibrations 
corresponding to red = four hundred and aghty-one billions, and soyon liundiax 
and twenty^one billions, which eioeeds that of violet. In this supposition, 
the green star when furthest from its companion will become red, and when 
approaching it must he of an intensely strong violet tingo; after winch, 
owing to its oitoular orbit, it will in receding again become groon, thus paasmg 
through all the colours of the spectrum. These are the ratios— 

636 : 625::i—i!x : : 14:::6 :7. 

481; 721;; 1—-J- : i+ .t" 4 : 6::2 : 3. 


Admitting these and the like grounds, as the laws of new stars and binary 
systems may be somewhat elucidated thereby, I strongly recommend rcpoatcd 
examinations of the brightness and colours of stars to the woU-oquippod 
amateur, who is also happily possessed of a good eye, perseycranco. and accurate 
notation. But even thus prepared, I would advise him, before entering upon 
the undertaking, to study weH the third chapter of the groat work of my 
highly-esteemed Mend Sir John Hersohel, on the Uranography of the Southern 
Hemispbere: it treats of Astrometry, or the numerical expression ot the 
apparent magnitudes of the stars. In a more advanced state of this question 
the measurement of brightness should always accompany that of colours, since 
a change in the one might possibly produce variation in the other: and who 
can say that numerical measures may not he made with such extreme precision 
hereafter, that the distance of stars thereby may he given? The observer 
must not however he unnerved by the difficulties, some of thorn apparently 
insuperable, which beset the inquiry; nor by the philosopher’s assertion that 
” nothing short of a separate and independent estimation of the total amount 
of the red, the yellow, and the blue rays in the spectrum of each star would 
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suffice for the resolution of the problem of astrometry in the strictness of its 
numerical acceptation; and this the actual' state of optical science leaves us 
destitute of the means even of attempting with the slightest prospect of success.” 
This is indeed a damper to our argument, so far at least as stars differing in 
colour are concerned; but perseverance in a good cause has often been re¬ 
warded with marvellous accomplishments,—and it is weU to remember that 

By many blows that work is done, 

Wliicb cannot be acliicved with one. 


These remarks will hardly be impinged upon in practice by taking one 
objection to the facts upon which Sestini’s theory is founded, namely, 
the velocity of the stars; since, in the present day—even' admitting proper 
motions and translations in space to their fullest extent—it is not necessary to 
consider the possible rate of sidereal movements as capable of bearing any 
scnsildo ratio to the speed of light. In citing the case of the orbital velocity 
of the companion of a double star, he should have applied it to a Centauri, 
an object of wlvich we know aU the elements, its distance from us and from each 
other in miles, the mass of the components as compared to our Sun, their 
quantity of light as compared to the same, and the periodic time;—all these we 
know to a greater degree of confidence than those of any other similar body. 
Now the theory fails upon this test; for the mean orbital velocity of the com¬ 
panion may bo assumed as 2'6 miles per second, while Sestini’s limits of and y 
of the velocity of light would make it fifteen thousand and thirty-eight thousmd 
miles in the same time The velocity of light assumed here is, however, it 
must always be remembered, that of the Sun; that determined by direct 
observations of the solar orb itself, or by the eclipses of Jupiter’s sateUitos, 
whose reflections stfll give us' solar light, and traversing the same medium, 
whatever it be, filling the planetary spaces. But we may reasonably expect, 
and, indeed, the experiments detailed above, on the spectra of different stars, 
appear to indicate, if not actually to prove, that the light of some of the stars 
is absolutely of a distinct nature, and radically of a different composition, to 
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that of the Sun.; while the media which the rays have to pass through may 
be of a kind unknown in any part of the whole extent of our planetary circles, 
and of a nature of which we are at present profoundly ignorant. 

Evidently, therefore, when the speed of transmission of the stellar rays 
comes into play, we may have to deal with velocities very different to that on 
which our correction for aberration—which depends upon solar light is founded. 
the speed of transmission of which element, the velocity of electric light, and the 
speed of sidereal light, appear to depend upon, or be affected by, different 
causes. Granting that, however, and to the widest extent, extending oven the 
somewhat doubtful experiments which have been made on the velocity of 
electric light as compared with the solar, and on the transmission of ordinary 
light through air and through the denser medium of water; still there is 
nothing as yet to show, that we are likely to meet with any kind of light 
moving at so slow a rate, as to bear the proportion which Sestim’s theory 
requires to the actual speed at which any star has been found to move. 

There is, however, another way in which the peculiar habitude of rays of 
light may produce a difference of colour in a star, and make it even run 
through the whole of the colours of the spectrum from one end to the other 
and back again, in a greater or less space of time according to the particular 
circumstances of the case. This will occur if the different coloured rays of 
which the white beam is composed, have intrinsically in themselves, or by reason 
of the nature of the medium which they traverse, any difference in the velocity 
of their transmission. 

According to the Newtonian doctrine of “ emission,” the separate colours 
are actually produced by different degrees, of velocity: and he concluded- 
from experiment-that the transparent parts of bodies, according to their 
several sizes, reflect rays of one colour and transmit those of another. 
But, according to the “undulating” theory, which has since been shown 
by Young and Eresnel to be far more probable than the other, if not really 
to be the true theory, the various tints are produced by means of undulations 
of different lengths; and the physicists have even been able to measure the 
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comparative extent of these minute waves, or undulations, and have assigned 
them as follows: 

Parts of an Inch. 

Red 

0'00002582 * 

Orange 

0-00002319 

Yellow 

0-00002270 

Green 

0-00002073 

Blue 

0-00001912 

Indigo 

0-00001692 

Violet 

0-00001572 

Now, though this by itself may say 

nothing with respect to the rapidity 


with which each undiilatioii may be traasmitted, it renders the probability of 
such a difference extremely great; and, though that difference be so very small 


that there is no hope of ever being able to mahe it manifest in any scientific 
apparatus of even the most delicate description, yet, on account of the great dis¬ 
tance of the stars, the effect may become at length very sensible, i'or although 
the difference of the rate of propagation of the waves of each ray may be the 
smallest conceivable quantity, yet, if that different rate be kept up during the 
whole one thousand years that we suspect must be occupied by the light of some 
of the stars in reaching us, notwithstanding that it may travel on the average 
one hundred and ninety-two thousand miles in a second, it is manifest that, 
after continuing to grow during so great a length of time, a very decided 
effect may at last may be produced. 

If a now star suddenly appears in some part of the sky, the rays of light 
immediately travel off to announce the fact everywhere, and to us amongst the 
number of other orbs; and it matters not whether the light consist in the emis¬ 
sion of particles, or the propagation of waves of different orders, as many of 

• These lengths of an undulation lead to the astounding decision, that, on viewing a red object, the membrane of 
the eye trembles at the rate of 480,000000,000000 of times in every two beats of a seconds’ pendulum! The re¬ 
searches and discoveries of Huyghens, Young, Malus, Fresnel, Arago, roisson, Aiiy, Wheatstone, and others, have 
rendered the hypothesis of an undulatory propagation of light almost a demonstrated truth. “ It is a theory,” 
says Ilcrschol, “ which, if not founded in nature, is certainly one of the happiest fictions that the genius of man 
has yet invented to group together natural phenomena, as well as the most fortunate in the support it has received 
fifom all classes of new phenomena, which at their discovery seemed in irreconcileable opposition to it. It is, in 
fact, in all its applications and details, one succession oifeliddes ,* inasmuch that we may almost be induced to say, 
if it be not true, it deserves to be.” 
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Axago’s “couriers” as there are different colours in the spectrum are sent off 
with the intelligence; and, if one is able to accomplish the great intervening 
distance between the star and us in a less spaee of time than the others, and 
so arrive before them, we shall see the star of that colour first, say blue. In 
that case the nest to arrive would be the yeUow, and then arriving and 
with the blue, already come, would make the star change from blue 
to green; while the red, arriving last of all, and joining themselves to tho 
ft-g-iating green, would at length make the star appear white, and, if it pro 
served the same lustre, it would ever after continue white. 

But be it recollected that, in the ideas evoked by the discrepancies of 
colour-estimates, I am only throwing out suggestions, not advocating an hy¬ 
pothesis; and it must be admitted that variations of colour ought to accompany 
variations of brightness, but such variation of hue has not hitherto been 
detected in stars that notably vary in splendour. With this confession, wo 
will proceed in the vision thus conjured up, and return to the celestial body in 
white; only reminding the reader, that little is correctly understood of light 
in its causes and principles of existence, and that Bacon htis told us reetd 
8cwe est per camas scire. 

If tli6 abov6-cited star is sliowii for only an instant of tuno as an electric 
spark, then we should see it varying through each of the different colours, 
blue, yellow, and red, separately and distinctly. Allowing that, for oxamplo, 
the blue ray was to traverse the space between tho star and ourselves in three 
years, the yellow in three years and one week, and the red in three years and 
two weeks, and supposing the above to apply only to the central portion of 
each coloured ray, which should gradually vary with fi.laments of different 
velocities so as to join insensibly with those of the neighbouring one; then, 
three years after the striking of this stellar spark, we should sec a blue star 
appear in the sky, and last for one week, then the star would appear yellow 
during another week, and red during another; after which it would be lost 
altogether. If there be actual separations between the different colours, as 
is more than hinted at by the discovery of the black bands in the spectrum. 
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then, the star, after appearing of one colour, might disappear for a time before 
the next colour began to arrive. 

Again, if a star which has existed for ages be on a sudden extinguished, 
the rays last emitted will be the couriers to announce the fact; and, supposing 
the star to have been white, three years afterwards (in the above particular 
example), the last of the blue rays having arrived before the last of the others, 
the blue will be deficient in the star, and from white it will become orange; 
after a week all the yellow ones will have come in, and the star will be red; 
and, when the final rays of this colour have arrived, it will totally disappear. 

But if the star shines permanently, and has so shone from time immemorial, 
then, whatever might be the difference of time elapsing between the blue and 
red rays shot out from the star at the same instant reaching us, we should 
sec the star white; for blue and yellow and rod rays of different dates of' 
emission would all bo reaching our eyes together. 

This case can be exemplified by looking through a prism at a white 
surface of unlimited extent and equal brightness, when it will be seen as 
white as before; for the multitudinous spectra formed by all the component 
points of the whole surface overlaying each other, the red of one coming to the 
blue and yoUow of others, wilL form white light as completely as if the three 
colours of one point be concentrated together again. Here was Groethe’s error: 
he gazed at a white wall tlirough a prism, and, finding it white stiH, kicked 
at Newton’s theory to produce an absurd one of Ms own. But had he looked 
at the edges of the wall—which is a si m i l ar case to the birth or death of a 
star—he would have seen the blue half of the spectrum on one side, and the 
red on another: everything, in fact, with a sensible breadth, will have coloured 
borders, blue on one side and red on the other. If one part of the wall, 
however, be brighter than another, the strong blue of that thrown on to the 
fainter red of another, will give that a bluish tinge, and vice verm: and so 
with the stars; if their brightness should alter, or, in the common but singularly 
erroneous parlance, their magnitudes vary, the strong blue of a bright epoch 
arriving with faint red of a dull period, will make blue appear to us as the 
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pi'edoiniaatmg colour; wiU cause indeed the star’s light to appear decidedly blue 
at one time, and, vmiatis vmtmMs, red at another, although all the while the 
star’s colour may not really haye altered at all; hut may have been really, and 
would have appeared to observers close by, as white as ever, varying only 
in quantity and not in quality. Eeal alterations in colour may doubtless 
occur, but evidently may often be only consequences of alterations in brightness, 
which may be brought about by many regular and periodieal phenomena, and 
certainly do not require the introduction of any such startUng reason as the 
conflagration wbich was lugged in to explain the tints through wliioh the 
variable star of 1572 passed, as it gradually died out of the sky, where it had 
so suddenly appeared a few months previously. Of this, at least, we may be 
certain, that there are periodical variations in the brightness of the stars, and 
.that some alteration of colour should thereby be produced; but whether to 
a sensible extent or not, is only to be determined by experiment. 0 Porsei 
has been selected by Arago as a favourable instance for testing this matter 
by observation, because it changes so very rapidly in brightness in a short 
space of time; but, though he did not succeed in deteeting any alteration of 
colour, we must not despair; for, while on the one hand his means of determin¬ 
ing the colour seem to have had no sensible degree of exactness, it is easily 
possible to assume such a difference of velocities for the various coloured rays 
of the star, and such a distance for them to traverse, as should completely 
annihilate the expected good effect of the quickness and frequent recun-enco 
of the changes in this particular star. Many other stars might indeed bo 
picked out where the natural circumstances are more promising, while the 
perfection of the means of observation would allow of many more still being 
made subservient to the inquiry. 

The failures made here may therefore be regarded iu the same light as 
those in the olden inquiry of finding the parallax of the fixed stars, viz. 
not as reasons for leaving off, but for trying again more energetically, more 
■ extensively, and with more accurate means than before; and, although I may 
not be prepared just at present to describe any perfectly satisfe,ctory method 
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of observation, still, as some amateurs desirous of pursuing the subject may 
like to see such hints as my experience has necessarily given rise to, presented 
in some rather more practical form, I have thrown them together as follows. 

In any method of determining colours of stars, three possible sources of 
error have to be met: 1. The state of the atmosphere generally at the time 
in altering the colour of all the stars above the horizon; 2. The effect of 
altitude in varying on different stars the apparent colour produced by the 
atmosphere; and 3. The effect on the eye of the necessary quantity of some 
sort or other of artificial hght, for the purpose of writing down or examining 
the dimensions of the instrument, the face of the clock, &c. &c. 

The first can only be eliminated by extensive observation of a number of 
stars, especially circumpolar ones, all through the year. Although the colours 
of some stars may vary in a small number of months, weeks, or even days, 
the moan of them all naay be considered to be safely depended on for a tolerably 
constant quantity; and each star should bo examined and tested for its colour 
every night, by comparison with the mean of all the rest; and where any 
decided variation appears to be going on through the year, that star should 
at once be excluded from the standard list, and its difference from the moan 
of the others stated as its colour for each night’s observation. 

The second source of error is to be met by observations of the same star 
through a largo of ifs path from rising to oulmmating, or of a number 
of stars of known colour at various altitudes, combined with a correction 
something similar to that for refraction, as varying in a proportion not far 
from the tangent of the zenith distance, and which would consequently require 
the altitude of every body observed to be noted, as a necessary element in 
reducing tlie observations. 

Low stars, however, should be eschewed, and each observer should confine 
himself as far as possible to his zenith stars; for, in addition to the low ones 
being so much fainter to him, than to one to whom they are vertical, and 
in addition to the colouring and absorbing effect of the atmosphere increasing 
BO excessively, low down on the horizon, the envelope acts so strongly 
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there as a prism that, comhined with the had definition prevailing, I have 
sometimes seen a large star of a white colour really appear like a blue and 
red handkerchief fl.utteriag in the wind: the blue and red about as intense 
and decided us they could weU be. This shows the extreme importance of 
notiug not only the altitude of the star, which determines also the degree of 
prismatic effect, but of distinguishing iu the observation auy difference between 
the upper lower parts of the star. In the Sun and Moon, bodies of very 
sensible breadth, this effect is not so evident; the surface will stDl be white 
or coloured uniformly by the atmosphere, and the upper and lower borders 
will alone show the prismatic colours, half on one edge and the other half on 
the other, as in the ease of the white wall mentioned above j but the star, 
being merely a point of light, is whoUy acted on, and exliibits as complete 
a spectrum as could be contrived without any of the white or self-compensating 
intermediate portion. 

Combined with this is the colouring effect of the object-glass, and any 
deficiency of its achromaticity; but these being nearly the same on all the 
stars, will not affect the difference observed: yet the latter quality of the eye¬ 
piece will be of more consequence, unless the star be brought very rigorously 
into the centre of the field of view, and kept there the whole time that it 
is under observation. An achromatized eye-piece should be specially used, 
a,Tit1 its magnifying power always recorded. 

The third difGiculty may be best counteracted by using one eye for the 
field of the telescope, and the other for writing down, &c.; having the 
artificial light used for these purposes as faint, and maldng them as white 
as possible, with vmious other little practical details which will best occur 

to each observer. 

We then come to the grand difficulty: viz. the manner in which the colour 
is to be determined; the methods are two: first, by the senses; second, by 
instrumental means. The first is that which has been employed hitherto, 
and will doubtless still be the only method employed for a considerable time 
by amateurs; and, though so very vague, yet may—by the education and 
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tli6 practice of the senses, combined with the corrections above considered 
be carried to considerable perfection: but the education must be much more 
systematic, and the practice much more constant, than they have hitherto been. 
Nor will the pursuit be unfruitful, even if it only relieves science by proving a 
negative; but to the zealous there is a hopeful guerdon, because much of the the¬ 
ory of the universe may be finally revealed by this elegant and delicate element. 

Some certain standard of colours must be kept and constantly referred 
to: the colours of precious stones have been used for this purpose; but, though 
very proper in one point of view, as being by their brightness more comparable 
to stars than ordinary pigments are, yet astronomers in general have not much 
acq^uaintance with anything so valuable and costly; and, if they had, would 
find that the colour of each star is not certainly to be defined by its ifame, 
i. e. that under the same name many different colours may be found; and 
different observers will therefore be giving the same name to stars not re¬ 
sembling each other; in addition to which there is not a sufficient range of 
colours amongst the precious stones to meet all the cases which occur in nature 
in the heavens, and they neither admit of being mixed, to form varieties of 
colour, nor of being modiffed, to show gradations in their own colour; a moat 
important defect. These qualities, however, are possessed by the water colours 
of the present day; the greater part of them are very permanent, and the 
others, which are not so, are capable of being prepared fresh and fresh; the 
number of colours moreover is great, the combinations that may be formed 
of them almost endless; and gradatibns of each may be made, from nearly 
white to next to black. Not only must a scale of them be had in possession, 
and frequently referred to, but it must be made and remade by the observer, 
as a mode of impressing the colours on his memory; and, unless he can carry 
them in his mind, he need not attempt tKe chromatic observation of stars; 
for, as he cannot see the star and his scale of colour at the same instant, and 
side by side, the estimate of the star depends entirely on the memory.* 


• Chromatography is not so near perfection as the eye and state of art would lead us to suppose it to be; hut it 
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We tried m ratperiment on chromatio personal equation, in its ainpleat 
form, at HartweU, on a fine evening of the second of July, 1829. Hnvmg 
prepared a stone pedestal in front of tie south portieo of the house, on which 
was placed a Gregorian telescope of 64 inches aperture, a party of viators, oon- 
sisting of sir ladies and tve gentlemen, were invited I 0 gaae upon the doubte- 
star Oor Caroli; and they were each to teh me-soWo ooce to prevent bias-whnt 
they deemed tie respeodve colours of the components to be. The first who 
stepped out by request was my good Mend the late Bev. Mr. Pawsey— mOM 
addicted to heraldry than to aatronomy-who, after a vary momentary snatch, 
flatty declared ttiat he “could make out nothing particular;” but tho other 
spectators were a Uttle more attentive to the plan proposed, and their 
respScttve impressions were thns noted down in the large Hartwell Album 


Mrs. Tyndale 
Mrs. Rusli 

Miss Honor 

Miss Cliarlotte 
Miss Emily 


A. Pale white. 

B. Violet tint 

A. Yellowish cast 

B. Deadish py/rple, 

A. Yellowish. 

. B. Lilac. 

j A. Light dingy yellow. 
I B. Lilac. 

cA. White. 

(B. Plwn colour. 


r A, Palmh yellow. 

Mifls Mary Anno 

Mr. Rose | 

A. Cream colour. 

B. Violet cream. 

Mr. B. Smith ] 

(A. Pale blue. 

L B. Darker blue. 

Dr. Lee “ 

f A. WJdtieh. 

LB. Light purple. 

Cnpt. Smyth 

, A. White. 

J B. Phm-eohwr purple. 


Now, wliateTer may be said about instrumeutal meaus, toudoucy of metalHo 
mirrors, weather mfluence, atmospheric light, or the object’s position as to 
meridian, it is clearly obyious that every property was common to tho whole 
party, and we doubtlessly all meant the same hues. It must be atotted, 
however, that the star was new to most of the spectators, and, though some 
of the eyes were surpassingly bright, they had never been drilled among the 


U hoped tiiat M. CheTOeul’s beautiful work on CoIoutb, which has appeared since the above was printed, 
a proper standard of tints for astrometiy, as well as for manufactures, so as to aftord an easy an re y re 
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celestials. Furth.er observation, with an achromatic instnunent, led me to 
record Oor Oaroli in the Cycle for 1837, A flushed white, and B pale lilac; 
bnt, as Sestini fonnd them to be yellow and blue in 1844,1 again probed them 
in 1860, when A struck me as full white and B very pale, but slightly ruddy 
under that paleness. Brom the lightness of the tiuts, this object offers less 
distinctness than deeper-coloured stars; insomuch that in 1830 Hersohel said 
—“With all attention I could perceive no contrast of coloursyet at my last 
inspection in 1866, three observers were unanimous that A appeared to be a 
pale reddish white, and B lilac, under a magnifying power of 240, and a fair sky. 
All tins shows the urgent necessity of a chromatic scale being drawn up for 
general adoption; and that, as yet, we are only on the threshold of a very 
beautiful department of knowledge. 

Many persons may think that a mere glance at colours is enough to im¬ 
press them at once on the memory, and that, without any practice at that sort 
of remembrance, they can keep any tint in their mind for any length of time; 
but a more erroneous idea was never entertained. To these unhappy per¬ 
sons greens are greens, and blues blues; for they have never entered even 
the region of colours, and a whole world of inteUectual enjoyment is for ever 
closed against them. Bring them to the proof of their boasted powers; show 
them any portion of a landscape; and then place colours before them, and 
make them put down the various tints from memory, but this a week or two 
after the seene was witnessed. If hardy enough to attempt the task, every 
• one of their tints will be found in error, and they wiU only put down one 
where nature had fifty. Even the painters confess that, though colour may 
be a low branch of thoir art, yet it is the most difficult. Only look at the 
walls of the Boyal Academy and see how rarely is a good colourist to be 
met with, and when he is, how the initiated will gloat over the matchless and 
magic variety and mellowness of tints, while the uninitiated can see barely 
more than one, and that to them not noticeably different from the world of 
common-places beside it. Only look, too, at the characteristics of those paintem 
who d/rem from nature but do not colow also from her; who make their 
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sketches in. the open air with pencil or sepia, and fancy colouring to he so 
simple and so easily rememhered, that they may do that afterwards comfort¬ 
ably and at home. Their works axe detected wherever they axe seen by the 
poverty of tints, and by the nniformly monotonous colours that axe always 
employed in the same manner: the human miud cannot invent to any extent, 
hut only put together in a novel manner materials collected from the external 
world. And such materials in colouring can only he impressed on the memory 
by actual pains-taking and laborious copying and working from nature, by 
TY.a.Vi-Tig ' the tints and applying them in imitation of her. By such training, 
this branch of memory may be strengthened as well as any other; for we find 
that the works of artists who adopt this method are always superior in their 
colouring to those of others, even when they paint from the memory or the 
imagmation. And one of the best colourists that we have ever had in land¬ 
scape painting was so impressed with the importance of cultwating the memory 
in this manner, that he used, even in the days of his prosperity and the high 
prices of his works, to spend much time in the open air making studies in 
oil, and then, as soon as they were made, tore them up; so that, as the 
followers of Cortez saw the necessity of conquering when their commander 
burnt the ships in which they might have made an inglorious retreat, and 
exerted themselves accordingly,—in the same way not being able to refer, 
when painting a picture at home, to the sketch made in the open air, he 
felt himself necessarily obliged to tax his powers of memory, and make them 

exert themselves to the very utmost. • 

In the early part of this century, it was my good fortune while in Athens 

to make the acquaintance of the late Signor Gianbattista Lusieri. the eminent 

landscape-painter engaged by Lord Elgin to work in Greece. This philosophical 

artist showed me a series of views, proving his gradual improvement through 

twenty years, by making Nature his model throughout; and he restricted 

himself, moreover, to the same hour of the day for colour; and some pictures 

wliich he was unable to complete before, a change of weather, he reserved till 

the same season of the foUowing year. Hence the perfection of his pencil. 
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Tlie second, or instrumental method of determining colour, need not be 
entered upon ajt much length here, aiS amateurs are not "very likely to practise 
it; and would he working generally at a great disadvantage compared with 
any iastrument in a public observatory specially devoted to this object. Bright¬ 
ness is everything with this method, and this must be commanded both by 
elevating the telescope into a high region of the atmosphere, and by adoptmg 
the largest possible size of aperture; for, not only must photometrical determi¬ 
nations of the brightness of different sections of the spectra of stars formed by 
prisms be made, but the black lines in the spectra of each star must also be 
carefully examined into, as aU the transcendent accuracy of modern optics 
depends on them. This instrumental method of reducing colour to brightness 
and place, in addition to the exactness of the numerical determination of which 
it is then capable, would further overcome a most important source of error, 
and one which has not been touched upon in aU. that has gone before; and 
would affect to its fullest extent the method of the “ senses,” namely, chro¬ 


matic personal equation. 

In the first volume of my Cycle of Celestial Objects, pages 302 and 803, 

I instanced what is now termed “colour bHndness.” or the abnormal peculiarity 
of certain eyes in their being unable to distinguish colours correctly, and yet 
capable of proper action in every other use of them. Every one knows those 
violent oases of it where a person cannot distinguish green and red and other 
such egregious contrasts, and would not admit such a person’s observations of 
colour at all; but it is by no means so generally known as it should be, that 
a personal equation of greater or less amount exists in every case, and the 
reason of the faulty colouring of so many artists is, that they reaffyarenot 
aware of many of the refinements of colour; their eyes not perceiving them, 
their fingers cannot render them. In one of the most intense examples, how¬ 
ever, of this chromatic personal equation, although the person could not dis- 
tingiiish so bright a scarlet as the flower of the pomegranate from the genuine 
green of its leaf, I have had abundant proof that his eye was able to perceive 
brightness, independent of colour, as acutely, if not much more so, than the 



334 


SPECTJLTJM HA.RTWBLLIA.NUM. 


generaHty of men. It should, however, be observed that there is to the 
most normal vision a sensible presence of the red element m either violet, 
lilac, and the various hues indiscriminately termed purple. 

These, then, being the advantages of the instrumental method, we may 
hope that they will not be lost sight of. If it be true that the Government is 
about to send a large reflector to Australia to observe the southern nebute, it 
might also forward another to a tropical region for observing the planets, and for 
TYiaking chromatic observations of the stars. The Australian telescope will have 
more work than sufB.cient with the nebulae, and the planets with their faint 
satellites wfll he low down in the north there while we have them low in the 
south here; but the equatoreal telescope will have them in its zenith; and 
it may be elevated on some table-land there far higher iuto the atmosphoie 
than the Australian one can be; a very important matter whore colours 
rather than brightness are concerned; for a want of the latter maybe coi- 
rected merely by using a larger aperture; but a distortion of the formei, 
once introduced, is utterly irremediable. 



Violot. 

Indigo. 

Blue. 

Greon. 

Yellow. 

Orange. 

Uod. 


Newtonian expei 



















CHAPTER vni: 


THE STORY OF 7 VIRGINIS. 


The very Iftw which moulds a tear. 

And bids it trickle from its source, 

That law preserves the Earth a sphere, 

And guides the planets in their course. 

ilOGURS. 


In the brief raention whiob 1 made of double staxs at pages 208-216, it 
ought, perhaps, to have been noted, that by the measurement of the angle 
winch the meridian makes with a line passing through both components of 
the object under observation, together with measures of the distance of the 
stars from each other, the form and nature of the orbit are deternuned: and 
of those compound systems which have, to an almost conclusive conviction, 
been proved to obey the power of gravitation, none has attracted greater 
attention from the astrometers of the day than y Virginis. 

A detailed history of this very remarkable binary-star, one of the first 
recognised as a revolving system, was published in my Cycle of Celestial Objects 
in 1844. But, as the present volume will be before readers who have not 
seen that work, and in order to bring up the whole matter together to the 
present time, I shaH commence this section with an entire reprmt of my 
former account, with one or two slight explanatory additions; 

CCCCLVI. 7 VIHGINIS. 

( JR 121* 33“ 33‘ Pbec. + 3“-07 

Date 1840 { g qo - S 19"'84 
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Position 77°-9 (« 6) Distanob l"-6 (»2) 


710-4 6 )- 

— l "-2 (« 8 ) 

63°-6 (« 7) -- 

— not taken 

620-7 8 ) - 

— l"-3 (® 2 ) 

48°-8 (« 6 ) - 

-l ''-0 (w 2 ) 

46°’5 (w 15) 

- 0"-8 (ai 2 ) 

15°*0 (w5) -- 

— 0"-6 (w 1 ) 

rmnd (w 9) -— 

— rownd (w 0 ) 

rmnd (w 9) — —- 

1 

1 

ilotty (w 8 ) -- 

-- hloity (to 6 ) 

360°-9(w4)- 

- elongated^ {w 6 ) 

348°-6 (w4)- 

- elongated (w 5) 

265°-4(w8)- 

CO 

1 

235°-7 (« 8 )- 

- 0"-8 (w 2 ) 

- 217°-2 (« 6 ) - 

o 

i 

192°-8 («. 6 )- 

- l"-9 («< 8 ) 

191°-6 (ft) 8 )- 

-l''-9 («, 6 ) 


Epoch 1831-38 

- 1832-40 

- 1833-23 

-- 1833-44 

- 1834-20 

- 1834-89 

- 1836-40 

- 1836-06 

- 1836-16 

- 1836-26 

- 1836-30 

- 1836-39 

- 1837-21 

- 1838-28 

-- 1839-40 

- 1843-08 

- 1843-33 


A fine binary star, in Virgo’s right side, heretofore knoTra as Porrima and Pos^aria by 
Calendar savcma. A 4, silvery white; B 4, pale yellow, bnt, though marked by Piazzi of equal 
magnitude with A, it has certainly less briniancy; and the colours arc not always of tlio same 
intensity, but whether owing to atmospherical or other causes remains undecided. ^"Hioy are fol¬ 
lowed by a star nearly on the parallel, and about 90" off. With 3, and ri, it fonned tlio 

Xlllth Lunar lyfa-Tiain-n, and was designated, fiom its position in the figure, Zdwiydh-al-’auwh, the 
comer of the barkers. This most instructive star bears north-west of Spica, and is 16° distant, m 
the direction between Regulus and y Leonis, which are already aligned. A very sensible proper 
motion in space has been detected in A, and there can he no doubt of B’s standing on in tlic same 
course; the most rigorous comparisons of recent observations afford the following values. 


Piaxzi 

Baily 


Main . 
Mddhr 


M. — 0"-72 

— 0"-50 

— 0"‘52 

— 0"-56 

— 0"-54 


Dec. + 0"-10 
— 0"-02 
— 0"-02 
— 0"-06 
4 . (y/.Q! A+B . 


• This waBtte most puzzling of all my double-atai trials; for, so unexpected was the phenomenon, that I gazed 
long and intently before pronouncing it romd in the month of January: and it was only on repeated scrutiny that 
I had an impression that the object was in rather an elongated form in April; which impression was confirmed by 
the aist of May. The weights were, however, added to the angle rather to substantiate my own conviction by tlie 
senses, than to attest accuracy of measure. About this time I received a letter from Dr. Eobinson, of Armagh, in¬ 
forming me that he had no difficulty in elongating y with Sir James South’s large refractor. 
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It was with much gratification that I watched this very interesting physical object through a 
oonsidcrablo portion of its superb ellipse, and I was fortunate enough to attack it during the most 
critical period of its march. It is rather singular that, brilliant as these two stars arc, various 
ocoultationa of y Viiginis by the Moon have been recorded, without aUusion to its bciiig double. 
So lately as the 20th March, 1780, the phenomenon was watched by nine astronomers; yet at Pans 
only, on that occasion, is mention made of one star being occulted 10“ before the other. On the 
21st January, 1794, the occultation was observed by four astronomers; yet no one mentions 
duplicity. This is passing strange, because Cassini had, in 1720, perceived and recorded the two 
stars, noting that the western disappeared 30" before the other bcliind the Moon s dark limb, but 
they emerged nearly together. He could not divide tliem with a telescope of eleven feet, but with 
one of givfa.p.Ti they were well severed, and of equal magnitudes. He watched the immersion, which 
was oblique, with great care, hoping by relraction or discoloration to detect a lunar atmo^herc; but, 
though the circumstances were favourable, ho perceived no symptom. Yet the observation wop 
held to bo of impoitanco, for, by enlisting that able astronomer and Bradley, Sir John Hcrschel 
considered that ho gained some useful points in the orbital departure; and the results of more than 
a centoy previous to my measures, may be thus diortly stated: 


Bradley and Pound. . • • Pos* 160°52^ Dist. ca^et Ep. 1718 20 

Cassini II. 1720*31 

Mayor . 144°22' 6"-60 1750*00 

Hersohcl 1. 130044' 5"*70 1780*06 

Hcrschel 11. and South . . 103024' 3"*79 1822*25 

Struve. 98018' 2"*28 1826*42 

Dawes. 78016' 2"*01 1831*33 


A more inspection of tire conditions below stated, shows the vast acceleration of the revolving 
star on approaching its poriastro, and the retardation of its getting away again. Those ore the 
annual rates of angulax xetroccssion: 


Mayer . . • 

00*43 

1766*00 

Smytli 

... 170 37 

1834*39 

Hcrschel I. • • 

0°*67 

1780*06 

— 

. . . 300*20 

1836*40 

H. II. and South 

0°*64 

1822*2'6 

— 

. . . round 

1836*06 

Struve . . ■ 

1°*69 

1825*42 

— 

. . . 260*78 

1836*39 

Dawes 

30*39 

1831*33 

— 

. . . 26065 

1837*21 

Smyth . . • 

60*43 

1832*40 

— 

... 22° 01 

1839*40 

-. . . . 

9° *40 
160*25 

1833*23 

1834*20 


. . . 16°*62 

. . . 6°*63 

1843*08 

1843*33 


2 X 
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Aa the rigorous observations and computations of this object must bo deemed a sort of experi- 
mmtwm cruds of the sidereal connected systems, I may be excused for entering into rather fuller 
details of the detection and establishment of so wonderful an elliptic motion, than 1 have yet indulged 
in among the binaries; and it will thereby serve as an example of the method of procedure with 
those interesting objects. 

The various observations were most ably and zealously discussed by Sir John, and treated in a 
straightforward, geometrical mode, so as to be widely available; os will be seen on consulting the 
Fifth Volume of the Memoirs of the Royal Astronomical Society. The method is cqiially novel and 
ingenious. Assuming that the motions of binary stars ore governed by the universal law of gravita¬ 
tion, and that they describe conic sections about their common centre of gravity and about each 
other, he was bent on relieving their discussion horn the analytical difficulties attending a rigorous 
solution of equations, where the data ore uncertain, irregular, and embarrassing. Measures of posi¬ 
tion were to be the sheet-anchor; for distances, with the exception of the major semi-axis, were 
peremptorily excluded ftom any share of consideration in tlie investigation, because of their noLo- 
rious looseness and insecurity. 

“ The process,” said he, “ by which 1 propose to accomplish this, is one essentially graphical; 
by which tenn I understand, not a mere substitution of geometrical construction and measurement 
for numerical calculation, but one which has for its object to perform that which no system of calcu¬ 
lation can possibly do, by bringing in tire aid of the eye and hand to guide the judgment, in a case 
where judgment only, and not calculation, con be of any avail.” 

Under the assiunption, therefore, that gravitation governs, and one of the components revolves, 
while die other, though not necessarily in tlie focus, is at rest, the curve is constmeted by means of 
the angles of position and the corresponding times of observation; and tangents to this curve, at 
stated intervals, yield the apparent distances at each angle, they being, by tlie known laws of ellip¬ 
tical motion, equal to the square roots of the apparent angular velocities. 

Thus armed, Sir John proceeded with the orbit of 7 Virginis. From tlie above positions and 
epochs, with interpolated intermediates, a set of polar co-ordinates was derived, and thence, for the 
apparent ellipse, the following elliptical elements:— 

Major semi-axis . . ’.5"*862 

Position of major semi-axis.67° 20 ' 

Excentricity .O*70332 

Maximum of distance.9"*423 

Position at the maximum distance . . . , 218° 55 ' 

Minimmu of distance.0°*514 

Position at the minimmn distance . . , . 1 ° 16' 

Date of next arrival at minimum distance . , . 1834'39 

Greatest apparent angular velocity . , . — 68°*833 

Least apparent angular velocity , . . . — 0 °T 93 

The next process was to obtain the elements of the real ellipse, and the whole consequent inves¬ 
tigation is so succinctly described in the paper alluded to, that any zealous tyro may tread in the 
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same steps, with a little attention. The results, together with a comparison of the elements and 
observations up to the period of the computation, and an ephemeris of the system for tlie years 1832, 
1833, 1834, and 1835, were inserted in the Supplement to the Nautical Almanac for 1832. But, 
finding a discrepancy between the measures then obtoiiicd, and the places predicted, HcrscJiel, 
nothing daunted, again took the field, and recalculated the orbit, as described in the Sixth Volume 
of the Astronomical Memoirs. In tliis process, my measures of 1832 and 1833 were included, and 
the two conclusions stood thus:— 




1831. 

1838. 

Major semi-axis 

. 

n"-830 

12"-090 

Perihelion projected . 


17°61' 

36° 40' 

Exccntricity 

. 

()-88717 

0-8336 

Iiiclinatioi) to plane of the heaven 

67° 59' 

67° 02' 

Position of node 

• 

87° 5(y 

97° 23' 

Mean aninuil motion 

• 

—0°'70137 . 

—0°-67242 

i\dod ill tro])ical years 

. 

513-28 

628-90 

Porilielion jiassage 


1834-0] 

1834-63 


In giving tin* first part of these romarkahlc elements to tlie astronomical world, Sir John 
said:— 

“ If they he correct, the latter end of the year 1833, or the beginning of the year 1834, will 
witness one of the most striking plicnomena wliich sidereal astronomy has yet afforded, viz. the peri¬ 
helion passage of one star round another, withtlio immense angulai' velocity of between 60° and 70° 
per annum, that is to say, of a degree in five days. As the two stars will dien, however, he within 
little more than half a second of each otlicr, and as iJicy are both large, and nearly equal, none but 
the very finest tclos(Jopc‘.s will have any chance of showing iJbis magnificent phenomenon. Tlie 
prospect, however, of witnessing a visible and measurable change in tlio state of an uhject so remote, 
in a time so short (for, in tlie moan of a very great number of careful meusiu’cs with equal stars, a 
degree can hardly escape observation), may reasonably bo expected to call into action the most 
powerful instrumental moans which can be brought to hoar on it.”* 

And Sir Jolm’s projected ellipse, drawn through tlio etuly alignments, was this— 


* Hero J cannot but append the elomenis of Mildlor’e corrected orbit, as they appeared in the Borpai 
tions for 1841; the equations of condition being solved by the method of least squares— 


Perihelion passage 

. 1836'813 

Node 

60® 38' 

Perihelion fi:om nodo 

78-22 

Inclination 

24 39 

Exccntricity 

. . . . 0*86815 

Mean Annual Motion 

. —148''453 

Period 

. . . . 145y^8-409 

Semi-axis Major 

3"*402 


y 


2x2 









340 


SPBCTTIiUM HABTWELLTANTTM. 


0 



From the extreme delicacy of so novel a case, all the conditions were not yet met, so that this 
bold prediction wEis not circumstantially vciificd, although it was admirably correct in substance. 
Whilst rushing towards the nearest point of contact, or shortest distance of the revolving star from 
its primary, and the proximity became extreme, tlie field was left, as far as 1 know, to Sir John 
Herachel at the Cape of Good Hope, Professor Struve at Dorpat, and myself at Bedford. Our 
measures afforded unqucstiomible proofs of the wonderful movement under discussion; yet they 
certaialy exhibited greater discrepancies dian might have been expected (rom the excellence of the 
instruments employed. But the increased angular velocity which so eccentric a star acquired when 
gaining its periastre, and the closeness of its junction, rendered the operations cxti'cmcly difliciilt; 
added to which, the brightness of two such stars was sufficient to call forth that disadvantage, arising 
from the inflection of light, which the wire micrometer labours under, and wliich interferes hi the 
exact contact between the line and the luminous body. 

The accelerating velocity of angular change was thus vigilantly watched, until the coinin(mco- 
ment of the year 1836, when an unexpected phenomenon took place. Instead of the appulsc which 
a careful projection drawn from the above elements had led me to expect, 1 was astonished, on 
gazing at its morning apparition in January, to find it a single star I In fact, whether the real discs 
were over each other or not, my whole powers, patiently worked from 240 to 1200, could only 
make the object round. I instancy announced this smgular event to my astronomical friends, 
but the notice was received with less energy than such a case demanded; none of the powerful 
refractors in this country were pointed to it in time; and it is to be regretted that we had not the 
benefit of the imexcelled Dorpat telescope’s evidence at the critical epoch in question.* This state of 


♦ This was the first instance of a sidereal occultation that has been witnessed, and it still remains so. Several 
other double-stars, we know, must have performed a similar eclipse, but they were not caught in the fact. 
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apparent singleness may have existed during the latter part of 1835; for, when I caught it, as may 
he seen in the observations above, it was very near a change. At length, about the beginning of 
June, 1836, a letter arrived from Sir Jolm Herschel, addressed to Mr. Baily, wherein he detailed 
his observations on the single state of this star at the villa of Fcldhauscn, Cape of Good Hope, in 
his twenty-foot reflector. Under the date of February 27ih, that unwearied astronomer says: 

“ 7 Virginia, at this time, is to all appearance a single star. I have tormented it under favour¬ 
able circumstances with the highest powers I can apply to my telescopes, consistently with seeing a 
weU-dcIincd disc, till my patience has been exhausted; and that lately, on several occasions, when¬ 
ever the definition of the stars generally, in that quarter of the heavens, would allow of observing 
with any chance of success, but I have not been able to procure any decisive symptom of its consist¬ 
ing of two individuals.” 

The companion now took such a movement as quite to confute a largo predictive diagram which 
I had constructed, showing that the orbit was extremely elongated, more like a comet s ihan a 
planet’s; which gave me a suspicion duit wohad been looking at the ellipse the wrong way. Here¬ 
upon 1 returned to the Herschclian process to obtain tho elements of the apparent and the true 
olli])ae with iny new measiues, but could neither accommodate the period nor arrive at any satis- 
tlictory conclusions. AVlrcn, therefore, M. Miidler’s masterly computations appeared in the 
Asivonomische Nachrichim, my views were greatly countenanced; but, with a full value for tlic 
talent and zeal of that astronomer’s process, I was still anxious for Sir Johu Herschel to xctiun to 
Ixis own liedd, and meet the apparently unaccoiuitablc informalities which still remained. Having 
made a request to this ettcct, he replied:— 

Maugre I cannot yet soiad you any finalities about 7 Virginis, yet to prove that I have not 
boon quite idle, I will state one or two gc‘iicral conclusions that a projection of all tho obseiwations 
has led me to, preparatory to exact numerical com])utiition. 1. We arc all w'ong, Miidlcr and all 
of us, and it is tlio early observation of Bradley in 1718 which has misled us. lhat obsorvaiion is 
totally incompatible with any reasonable ellipse, and must be absolutely rejected. Had it not been 
for my respect for that single observation, I should have got very near the true ellipse in ray first 
approximation. 2 . The period is shori of ono hundued and fifty years. My conjecture, antecedent 
to any exact calculation from ray projc^ction, is one hundred and forty-three, widch is considerably 
loss tlum the least of Mtidlcr’s, and beyond his assigned limits of error. 3, I fluspcct Mlidlcr’s peri¬ 
helion to be half a year too early, and that tlio true perihelion passage took place at 1836*6 or there¬ 
abouts. We shall get on better now that wo have Ibund out the black sheep.” 

Thus duly authorised, I attacked the orbit ngain, rejecting, with some regret, Bradley, Pound, 
Cassini, and Mayer, and assuming ]g[’s observations of 1780 as tho point of departure, loking, 
therefore, the epochs from that date to 1843 for abscissm, and the observed angles for ordinates, a 
fresh set of periods was obtained, through which the interpolating curve was led on a very large 
scalo.’*^ From tlie interpolated positions ooiTesponding to the assumed dates between 1780 and 1843, 


• Sir John Herschel informs me, that he has disused the method of drawing tangents for the angular velocities. 
The substitute ia a closer reading off of the curve, equalising the differences on paper, and thence deducing the 
angular velocities bj first and second differences (if needed); but first will generally suffioe. 
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the intervals being first decennial, then quinquennial, and afterwards more i*apid still, the angular 
velocities were concluded, and by their aid the distances as radii vectores. Tliesc positions and dis¬ 
tances were laid down from the central star as an origin of polar co-ordinates. Now, thougli this 
is a simple and merely graphic process of obtaining tlie elements of both, the apparent and true 
ellipse, and is liable to shakiness, it undeniably shows the physical fact of a highly-elongatc'd orbit; 
and several of the conditions prove that, notwithstanding the present anomalous difiTcrcnccs, we are 
arriving near the mark. It is singular how all the determinations of the excentricity have agreed 
thus:— 

PiiBt orbit, Second orbit. First orbit. Second orbit. 

Encke . . , 0*890 0-860 Madler . . . 0-864 0*868 

Herschel IL , 0-887 0*834 Smyth . . . 0-883 0 *« 72 * 

As the ellipse projected by Sir John Herschel, under all the epochs, has been given, the reader 
may like to see the figure produced by the Bedford observations—^prolonged from Sir William^s 
first date—which yields a period of about one hundred and eighty years. 



• In order to bring this very important condition under one view, I wiU here subjoin some of the determinations 
since arrived at, namely— 


Henderson . . . 0"*8590 

Hind .... 0''*8566 

- {Bedford only) . 0"'8804 

Smyth . . , (y'*872fi 


{Bedford only) , 0"‘8682 

Herschel ( Cape oleermUonJ , 0"-879d 

- {lastj . , 0"-SBeo 

Adams .... O'''8790 
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As tlie resulting elomenta, thoiigli better, were still unsatisfactory, I was about to take anotlier 
point of departure and try again, when I received a letter from Sir Jobn Horscbel, dated ColHng- 
wood, 9th July, 1843, of wliich the following is an extract:— 

“ I wrote to you last that I could not make Bradley^a observations agree with any ellipse con¬ 
sistent with the later observations, and tlmt Madler^s elements, which assume the correctness of that 
observation, are inadmissible. I have now satisfied myself that this is really the case^ and that 
Miidlcr’s period admits of being yet reduced* But still it is necessary to suppose materially greater 
errors m one direcLion over the whole interval 1828, 1829,1830,1831, than I quite like. Tlie mean 
of Dawes’s and my own measures, however, is on the whole exceedingly well represented in all the 
critical and puzzling part of the orbit corresponding to 1830—1834 inclusive. Your observations 
of 1831, 1832, and 1833, oIIct discordancies of +2°, H-2^°, and +3°, which are, considering the 
then considerable closeness of the stars, not more than might well be committed. But Struve’s are 
quite inox])lioal)l(!; his errors, supposing the orbit correct, run thus:— 

1825 1828 1829 1831 1832 1833 1834 

+ 1° +3° +4^i° +6'', +7° +6° 

after which tlie deviation ceases. 

“ On the whole I consider the proofs of gi’uvitation afforded by this star quite satislactory. It is 
true that I am forc('<l to admit an error of —3-1° in my father’s measure of 1781, and an error ox- 
coeding 2° in the same direction in liis subsequent moan result for 1803; but when I recollect what 
sort of micrometer and apparatus he used, 1 am not disposed to quarrel with these. 

** I am not satisfied with my inclination and node, and tlierc is still a tendency in the curve of 
the stiir, if your measures of this year be correct, to run away from its proper course, to bolt; which 
leads me to believe tliat these elements are nob yet so well detemined as T hope to get them. Your 
ellipse from the Bedford observations is a very beautiful one, but I have not yet compared your 
elements with tlic observations. 1 am somewhat surprised at the length of your pciiod, as 1 find 
one lumdrcd and twenty-six years represents the mean of all tlie observations (including Struve’s) 
on the wliolc well. I have been chiefly atteiulihg to improving the method as a working one, and 1 
am preparing a paper on the subject, in which tlie orbit of 7 will occur in exemplification. Wliat I 
aim at is, a direct proceas leading to the separate correction of each elcmeut, in place of a turmoil of 
calculus on the principle of least squai’cs, which in coses of such discordaut observations is, if not 
illusory, at least umiccessarily troublcsomii.” 

The Inquirors into hinary systems will yearn Ibr the coming of this discussion; meantime, to 
use an expression of Pliny the Younger, I am forbimatc in my holiacal rising, since what I have 
here stated may be of a little interest, before it shall be obscured and eclipsed in HcrsclierB brighter 
'eminence (sec Appendix, No. Ill),* 

One word more. To those wbo arc earnest upon cither of these topics, I submit a diagram of 


* Three years afterwards, Sir John’s elaborate orbit appeared in the noble volume—** Results of Astronomical 
Observations made during the years 1884-8, at the Capo of Good Hope. Being the completion of a telescopic 
survey of the whole surface of the visible Heavens, commenced in 1825.” 



844 


SPBOTJliTJM HAETWBLLIA.NirM. 


what I saw myself, which, may render the aboTO details more evident: — 

1843-33 

1831-38 1834-20 1836-06 1836-39 1838-28 OJj 

i ' 

Jif 0 " 1 " 2 " 3 " 

fmiliirii I I 1 

Suoli a plxenoineiion lias bad. more discussers than beholders, so that astute doubts have been 
flung out of these stars being amenable to gravitation, whether their angular changes are reducible 
by the laws of elliptical motion, whether the period be a litdo longer or shorter, and all that. Nay, 
with such unquestionable instances before the world, and at the very time that admiration was 
incited in every reflecting mind, a blundeiing ZoUus, who, had he flourished at an earlier ago, might 
have figured at Galileo^s tried, was permitted to stain the Church of England Quarterly Ecviow, 
April, 1837, p, 460, with the following Boaotian attempt at sprightfiness:— 

‘‘ We have forgotten the name of that Sidrophcl who lately discovered that the fixed stars were 
not single stars, but appear in the heavens like soles at Billmgsgato, in pairs; while a second astro¬ 
nomer, under the influence of that competition in trade which the political economists tell us is so 
advantageous to the public, professes to show us, through his superior telescope, that the apparently 
single stars are really three. Before such wondrous Mandarines of Science, how continually must 
hommmli like oursolves keep in the back-ground, lest we come between the wind and their 
nobility.** 

This plural unit must truly bo, so fur as education and intellect arc concerned, the downright 
veritable homunculus he has written himself. 

The would-be wit, however, though quite as ignorant, is perhaps less malignant than a follow 
reviewer, who must needs meddle with works beyond his ken. This stultified Bavins asserts, fclxat 
it best suits with the knowledge we possess of our finite understanding, and with the purport and 
end of our being, to refrain from silly speculations which may perplex, but can never satisfy, the 
mind. He holds it both vain and wicked to attempt to probe the infinity of space, and decries Sir 
William Herschers estimate of the magnitude of the nebula in Orion, as a speculation to confuso 
rather than instruct the mind. Tliis man is susceptible of very groat improvement before his 
opinions command respect. So lar &om science being daring and proud, as he assoTts, there arc 
abundant reasons for it to feel humbled; but the ofiusion in question shows the proper nursery of 
those qualities, 

For he that has but impudence, 

To all things makes a fair pretence. 

In strict accuracy, I should here state—^though risking a repetition—that 
the magnitudes and colours above given of the components of y Virginia, axe not 
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quite satisfactory, inasmuch as I have often been nnder the impression that the 
southern star is the brighter of the two; while the tint of the northern one has 
sometimes bordered upon pale violet, the opposite of yellow. I must now detail 
the occurrences which have taken place since the above was printed. 

While the Cycle was in the press, my much-regretted friend the late 
Professor Henderson, of the Royal Observatory at Edinburgh, called upon me, 
and looked over several parts of the manuscript; on which ± drew his atten¬ 
tion to some of the binary systems, and promised to send him a proof-sheet 
of the above the moment it should be printed. After forwarding the same, I 
received a letter dated November 18th, 1843, which is so material to the “ Story” 
from his skilful handling of the subject, that I cannot but reprint it here; - 

Tou will no doubt think mo very inattontivo for not sooner replying lo your letter of 
17th October; but when it arrived, I was immersed in work of different kinds: not only tliat of 
the Observatory, sufiloiont when well performed to take up my whole time, hut other avocations 
wluch had hoon aeoumulating from my absouoo and other causes. But I never lost sight of your 
communication (for which I am much obliged, as it Iras forced mo to study a subject which 1 had 
previously road only in a cursory manner), and expected horn day to day to commonce its invosti- 
gation. Bui it has only been during tbc last week tliat, by devoting every spare hour to it, I have 
satisfied myself regarding it, ’ 

The determination of the orbits of double stars from observations presents praotioal difficulties, 
in consequence of the great comparative errors to which the observations aro liable. The problem 
is a similoi- one to that of the orbits of comets deduced firom the most rough estimates of their 
positions, perhaps erroneous to tho extent of 20® or 30®. Cases suoli as these have frequently 
oocm-red in tho determination of orbits of ancient comets; and it has consequently happened that 
different investigators have obtained orbits that hear no rcsemblanco to each other, 

Tho oldest observation of thd double star y Virginia that wo have, is tliat of Pound and 
Bradley in 1718. Sir John iiorschcl has from it obtained tho angle of position 160® 62'. (Memoirs 
Astronomical Society, vol. v. p. 36.) By trigonometrical calculation I find that in 1718 the great 
circle joining « and 6 Virginia was inclined at an angle of 163® 33’ to tho hgi-aiy circle passing 
through the middle point between them. If wo correct this by the quantity mentioned by him, we 
obtain 160* 60' for tho angle of position of 7 Virginia, ohsorved at that epoch. 

ITie next observation is that of tho lunar oooultation in 1720, observed by Cassini. Tho 
moon was then within less than twenty-four hours of the full, and although the actual immersions 
at the dark limb were no doubt observed, I do not believe it possible that Cassini saw tho actual 
emersions from tho bright limb. Indeed, his words do not bear this moaning, but rather that at a 
certain moment he saw both stars emerged and parallel to the moon’s limb. This of itself implies 
that tho stars were at a small distance from the limb. Besides, tho ocoultation was one of short 
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duration; consequently, the stars apparently passed near the top or bottom of ihc moon s disc. In 
such situation stars that were seen parallel to lire moon’s limb could not emerge at he sje moment 
It may be proper to have this occultation recomputed, in order to ascerlmn whether the calculated 
relatiTe positions of the two stars satisfy the conditions of their immergmg at the two moments 
indicated by Cassini, and of tlicir being parallel to tire moon’s limb and at a small drstance Iiom it, 
at the other time mentioned. But it is probable that the unavoidable errors of the Lunar iab i.b 

may have too great influence on the result. i... ■ ..i 

Wlrcn a good stock of observations has been obtained, I believe that, in order to obtain the 
most probable orbit, we slrould proceed in a manner similar to tlrat adopted for cornels and planets. 

In the first place, Irom the requisite number of observations to be selected Irom lire stock, obtain an 
approximate orbit, to be afterwards corrected so as to represent, as nearly as possible, and witlun 
the lunits of the probable en-ors, all the observations. In the first part of the process, llersche s, 
Encke’s, or Saviuy’s metliod may be obtained, and distances must bo employed, cither actually 
observed, or deduced from the angular velocities; for an attempted solution of the problem at this 
stage, depending on angles of position alone, would speedily end in a complication ol transcendimtal 
equations quite unmanageable. If the distances are obtained from the angular velocities, then, 
according to a remark of Encke, the angles of position from which the velocities are deduced 
should be taken at intervals of time neither too great nor too small. I should say that wo cannot 
depend on the angular velocity of 7 Vii-ginis obtained Irom Sir William Ilerschel’s observation ol 
1781; for, not only is it separated from the next of 1802 by too groat an interval, but it luus no 
proper one preceding it to give oo-oiieration. I would rather rely on tlie observed distance of 1781. 

Wlicn an approximate orbit has been obtained, the dilTcrcnces between the angles ol ]»oHition 
computed from and observed give the materials for obtaining a sot of six noimal angles, li-om which 
a better orbit may be determined. This is the second part of the process, and it may n>st on angles 
of position tdoue, if the distances are considered to be unsafe iu tlio circumstances. The method of pro¬ 
ceeding wliich 1 prefer is that of Mildlcr, in No. 303 of Asirmiomwiilie Nachridttm. Kix (Mpiatb ms are 
fomed expressing the relations between tlio diflbrencos of the observed and computed m.rmal places, 
and Uic corrections of the clomonts necessary to be applied in order to make these diirerenccs <lisa])- 
pear. The solution of those equations gives tlie required corrections of the elements; but, should 
they turn out considerable, in which case the values of their co-efficients in llie ciiimtions may not 
Imvc been got with sufficient accuracy, it will bo adviscablc to repeat the process, starting now 
from the elements corrected. The requisite calculations, if more than one repetition is not 
necessary, arc not laborious, for the calculations arc easily made, and great precision need not be 
effected. In place of Miidlcr’s expressions for the coefficients of A « (the correction of the cx- 
contricity), A /a (the correction of the mean annual motion), and A T (the coiTcction of the time 
of perihelion passage), 1 have employed those given by Gauss in the Theoria Moliw Corpmm 
Ccelestium. Indeed, the calculations arc so simple, tliat in the case of more observations^ than 
six but not too numerous, the method of minimum squares may bo applied to them all; Itiv if the 
proper weight can be assigned to each observation depending on its probable error, the orbit to 
represent best all the observations will be obtained. 

I have applied this second part of the process to six selected observations of angles of position 
of 7 Yii-ginis. I assumed for the approximate orbit Madler’s corrected one in the No. of 
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Astrimomisclic NachvwhtCTi releiTccl to. Scvoml repetitions would luivo been tf[)tirc(.l 5 if I Imd atiivteci 
Irom his more correct one given in No. 452 of Astro?iomm/ie Nackichtm. riowcver, J at last ob¬ 
tained the following orbit: 


Time of pCjrihelion passage .... 1836*29 

Mean annual motion ..... 2® 30''59 

Ex-centricity . 0-8599 

Perilielion on orbit . . , ^ 319° 23^ 

Inclination . . ... 23° CV 

. 70° 48' 

Time of revolution , 143-44 yeui-a. 


I lie following IS a comparison between the observed angles of position and those computed in 
this orbit: 


Uato. 

Anijlo 

ubhorvud. 

AiikIo 

poiupuLud. 

Dlfl’oroiico. 

Oliaorvor. 

1718-22 

0 ! 

100 50 

o / 

IGl 16 


0 / 

10 26 

Pound iuid Hrudloy. 

175(1-20 

144 22 

141 1 

+ 

3 21 

Mayor. 

1781-89 

130 44 

130 44 


0 0 

llersoliol 1. 

1808-20 

120 19 

120 21 

— 

0 2 


J 822-20 

103 24 

103 17 

+ 

0 7 

llei'scliol II. and South, 

1825-82 

07 24 

07 58 

— 

0 34 

Struvo and Soutli. 

1828 30 

91 0 

90 26 

+ 

0 34 

lloruohel 11. and Struvo. 

1829-30 

88 0 

87 18 

+ 

0 42 

17 IT 

1880-;i8 

82 5 

82 53 

— 

0 48 

Iloa-Hcliol II. 

1831-38 

74 54 

77 41 

— 

2 47 

Smyth. 

1832-40 

71 24 

70 42 

+ 

0 42 

T1 

1833-34 

(13 0 

61 21 

+ 

1 48 

TT 

1834-30 

47 9 

46 27 

+ 

0 42 

11 

1835-40 

15 0 

11 56 

+ 

3 4 

IT 

1837-21 

2G5 24 

266 8 

— 

0 44 

TT 

1838-28 

235 42 

235 26 

+ 

0 1(5 

IT 

1830-40 

217 12 

218 23 

— 

1 11 

If 

1843-20 

192 12 

192 38 

— 

0 26 

TT 


Th(, first two diirorcnecB are perhaps not greater than might be cxpcctiid from the modes of 
observation. The greater (lillorcnco of 1831 is evidently owing to an error of observation;* while 


* Unfortunately it was an error of the press, for Henderson worked from the proof-slieet which had been for- 
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tliatof 1835 may be accounted for by the extreme difficulty in ffie measurement owing to tbc 
closeness oC tlie stars. I have not cemputed tbe observation of 1836, os it must bo liable to a voiy 

considerable error. i 

These elements appear to be now so correct, tliat I believe they may bo salcly employed as tlic 

groundwork of Aiture investigations. They differ very sUghtly ffom Miidler’s last elements given 

in No. 452 oi Astronomisch Nachrichtm, as the following comparison shows: 


1 

MlUller. 

lIondorBou. 

Time of revolution . 

Mean annual motion . 

Time of perihelion passage . 

Node . • • • . ‘ 

Inclination ... * 

Perihelion 

Ex-centricity . 

145*409 years 
— 148'*453 

1836*313 

60” 37'*6 

24“ 39 *2 

318“ 69'*7 

0*86815 

143*44 years. 

150 *59 

1836*29 

70“ 48' 

23“ O' 

319“ 23' 

0*8590 


Tlie difference of 10“ in tiio position of the node produces scarcely any sensible ellect iii the 
computed angles of position. Hence the place of the node will always bo subject Ui uncertainty, 

1 have not computed tlie value oC tlie senii-Lixifl major. Tins is to be done by C(nn];)aring t u* 
observed and computed distances. 

The agreement between the observed and computed places is such, that in my opinion it shows 
satisfactorily that the motions of these stars arc subject to tho Newtonian law ol {^aviiuliom 

The result of diis investigation has given mo great confidence in MUdlcr’s rcsiilhs for othci 
stars. In this instance ho has gone tho right way to work, and has obtained a good result. 

P.S. I omitted to say that the six angles of position from which I computed the orbit are 
those of 1781, 1803, 1822, 1835, 1837, and 1843. 1 also omitted to say that Mayer observed a 

lunar occultation of tlic two stars, on April 3, 1757. (Mayer’s Obsciwatious, Part II. p. 18.) Im- 
mersions at the dark limb—interval between tho two immersions 16 socomls. 'riiis oliservation 
may yet bo calculated. Madlor’s last elements, as given in No. 452 of Aetrotiomisclw. Nachrwhlcti, 
are adapted for angles of position numbered 180°, differently from yours, Horsehel’s, &c. 


warded. My attention was called to it by a oorrespondent’e asking Sir .lolm PLUippart, tho Editor of tliiit usoful 
publication the United Service Journal, wbicli angle of poflition he was to trust to-that publislicd in his “ Number 
for December, 1837, or that printed in the Cycle of Celestial Objects in 1844, the one being 77° 64/ and the 
other 74° 9'? ” It woe most vexing, not so much that a compositor should mistidce a 7 for a four, but tliat we should 
not have detected it in correcting the press 1 Happily all’s right in Sir John HerBchel’s splendid orbit for 
The observations of 1836, as I have already remarked, formed a case of cxlreme diflieulty,—ibr the eyes of one or 
two friends who were consulted, could only pronounce the object to be single. 
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From tliese statements, which, except to astrometers, I fear are somewhat 
lonjjthy, it is manifest that, though the several deduced orbits of this system 
represent, with more or less accuracy, the observations made use of, they differ 
very materially in other respects, especially in the period of revolution; and 
that, notwithstanding all the labour expended on the inquiry, considerable doubt 
icmained as to the computed elements. Even under my own operations, tiie 
period varied from one hundred and thirty-five to one hundred and ninety-six 
years! Still a truly important point was carried, and a signal advantage added 
to physical science, in that the elliptic motion of the binary was completely 
established. I shall thcreiore proceed with the further scrutiny of the pro¬ 
gressive movements; but, as this “Stoiy” pertains to Bedford and Hai-twell, 
those operations only will be noticed which, so to speak, were personally con¬ 
nected al—though the high value of the lucid investigations of such pliilosophers 
as Eucke and Madlcr are held in the warmest admiration, and the measures 
of the Continental astronomers duly respected. 

In strictly examining the contending deductions of the several ellipses, 1 
could not but bo forcibly struck with the uncertainty oi’ oven the apparently 
best micrometrical mcsisui'es; and the inter-comparisons above noted, indicate 
pretty phunly that full confidence cannot yet be placed upon any of them. 
TJie importance of the whole question to Sidereal Physics was so obvious, that 
I was induced to continue my observations as a contribution to the TnM.on of 
measures which tho case still demands; and it becoming palpalilo that accurate 
and satisfactory elements are only obtainable by tho unremitting exertions of 
various practical astronomers, I addressed a letter to the Boyal Astronomical 
Society in May 1815, showing tho necessity of following up y, because that 
romai'kablo system promises to bo comparatively to double-stars, what Halley’s 
comet is among that class of bodies. Tlio mean results of tlie measures which 
I then handed in, gave the following places— 

PoamoN 185‘’23'-3 (wfl) Distanob 2'''‘10(«4) Ei'ooii 1845‘34 
Soon after this was pubhshed, namely in July of tho same year, I had 
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the gratification of receiving a letter from my iadefatigable Mend J. U. Hind, 
inclosing tlie following orbital elements of y Virginis: 


Pcriliclion passage 1836’228. 

Perikelioix on the orbit ...» 319° 46'‘1 

Node.78° 28'-4 

Inclination .... 25° 14^*1 

Eccentricity 0*85661 </> ~ 58° 56'*3 

Mean annual motion — 152''871 
Pnriofl 141yr«297. 


For the calculation of the angles of position in this orbit, we have; 

u — [3-46905]. sin, « = [2-18433] (1836-228 — t) 
tan. -J" ^ [0*55609]. tan. u 

tan. (0—78^ 28'-4) = [9*95644] tan. (v—118° 42'*3 

u being expressed in minutes. 


Th <5 cipoclis employed and the errors of my elements are as follows: 


^ obaorvod. Oouip.—olwisrved. 

IIbuhciieXj I. . . . 1781'89 130° 44'*0 

_ . . 1803-20 120° 19'-0 —1'-7 

HeuscueL II. and SouTU . 1822-25 103° 24'-0 +3'-5 

Dawes .... 1831-33 78° 15'-0 +8'-8 

Captain Smytii . . . 1838-28 236° 42'-0 +9-'8 

_ . . 1845-34 186° 23''3 —6'-6 


The 8uins of the squares of the errors in my orbit =: 243-0 
In Mr. Henbeesom’s orbit = 589-0. 

The conditions thus kindly furnished, indicated that the various compu¬ 
tations were now approaclnng something borderiag on unanimity in the 
periodic time of perihelion Cporiaater ?), the last poiut to arrange; while that 
very important element, the ex-centricity, was evidently near the mark. So 
far so good; still, in order to aid the ultimate settlement of such a desideratum 
to the utmost, I repaired to ray post during the two following apparitions: 
and these wei-e the obtained results :— 

Position, 182° 68'7); Distance, 2"-6 (w 4;; Epoch, 1846-39. 

_181° 62'(w 8); ;-2"-6(«6); - 1847-41. 
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Although what had been achieved in several quarters would now admit 
of an interval from work taking place, I again angled to get hold of a plausible 
period; for that element had hitherto proved so procaiious, as seemingly to 
carry an inherent uncertainty into the problem. Throughout the proceedings, 
the conformity of the elliptic motion to the great law of gravity is assumed; 
and, in order to arrive at speedy conclusions, Ilorschers graphic method of 
drawing tangents to an interpolating curve struck mo as being at least equal 
to our present power of observing. To be sure Sir John had, as I have said, 
abandoned the use of tangents: and he recommended me an easy and simple 
numerical process, which does away with the errors incident to the laying 
down of angles, and the problem becomes merely one of conic sections, llis 
letter—dated CoUingwood, 20th April, 1847—is so truly interesting in an 
astrometi'ical light, tliat I cannot but take the libcriy of hero inserting it:_ 


Firal, and foremost lot mo moution that iu tho shoot I scut you about 7 Virginia, page 295), thoro 
isaviloorratum-tho semi-axis is stated 9"-69 (owing to an tmreduee<l value of u having slipped 
into tlie eopy inateud of tho redueed one). The real value is which ngroes well with youra; 

9"'fl9 must hav(! atiirtlod you, aa it did me when I came to refer to it, 

N<!xt let me observe tliat your new orbit, I mean the firet you give iu your note, <low not 
so very far deviate from mine—for you make your \ + SI =269 17 -f 48 56=618 13 
and I make it. 313 45 -f 5 33-319 18 

and both (the ineluiations being small) are not llir iu their value from w, whieli in ynur orbit is 
319° 46', and in mine comes out by fonnula tan. (tt— il) =eoa. y tan. X 


7r=32l0 48' 


* 

and I hold it for certain tliat this value cannot well bo more than a degn'o or two wrong. Any 
how \ + SI hius a rmnarkahlc fixity.—Sec how the orbits nm in this re 8 ])eet_ 


Jleii(lerson*s + A* r: . . . , . 28' 

.sib" 46' 

.. 18' 

Marllor’s Ast. N. No. 452. 319 *^ O' 

Muiller (letter of Sep. 29, 1846) . . 820® 20' 

Your first orbit in this note » . . . 318® 13' 

Your second do. . , , . .819® 10'*’ 


* My position of perihelion in the orbit which follows = 819° 46', and is the element quoted liy Sir John 
|n tlie second paragraph of this letter. 
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Eeally this is very remarkable. Quite as much so as the exceeding correspondence ol all the 
exccntiicitics. 

The real difficulty is and always will be about 51 and 7 . . r i- + 

When the inclination 7 is under 30° or thcrcaboute, ihis difficulty will always arise. In lact 

if 7 be very small, bodi 7 and 51 become indeterminate. ^ • -n in 

The provoking thing is the excessive latitude of P. And on this point I question i wo s la 
come to any correct conclusion, till a revolution has been nearly aocomphshed. 

Mr. Dawes sends me as the results of his measures with the Munich telescope;- 

1847-27, 0=182° 2'. Dist.=2"-63. 

Capt. Jacob’s measures, in a former note of yours, give: 

1846*32—0=182“ 12'. Di3t.=2"*89. 

moan 1846-795—0=182“ 7'. 2 *76. 



which projected on my chart falls almost to a nicety upon my interpolating curve. Still howovor 
Dawes’s recent measures, agreeing with MiiffiePs, give positions less advanced tlnm my curve would 
indicate, from which it would seem that oven 182*12 years (my P.) is too short, hut that 1 can 

I now absolutely reject drawing any tangents at all. As you very nghdy remark, when tlic 
tangent is di-awn at die extremity of tho major axis projected as situated in the present case a 
triding error of graphical manipulation spoils all. The numerical process is easy and Bmii)le. be 
problem is this;—Given tho semi-axis major and minor of an 
oUipso, and the length of any one of its semi-diameters. ^ 

Required, first, the length of tho somi-dinmotcr conjugate - 1 - 

to it; secondly, the angles which these two somi-diamoters V 
make with the axis and with each otlicr. 

This is an easy problem of conic sections, and it docs away 
with all errors of tire graphical laying down of angles, substituting measurements of length which 

are much more accurate. 

Given . • . a, h, r. 

Required . . ■ -<1'', 

and .*..•• 

Ist. r^+r'^=a<‘+b <‘.-. 

J ® A / 

2 d. 008 . <#)=; V ^3=6® 

3 d. tan. r* 

which by-the-bye ore not ugly formulae, and of exceedingly easy calculation. This relation 
tan. X tan. = constant, I don’t remember to have seen in treatises on conic sections. It is 

very useful. 
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But, as my mam view was to flud what great nicety would effect in the 
geometrical inspection of the case, as still heiug, under all its imperfections, an 
inviting method for amateurs, I again sought the radii vectores through the 
angular veloeities, although commanding the advantage of having direct measure¬ 
ments of distance at hand; and a steady course was pursued, in fao4 of the 
hazard as to whether the points of ohservation fell at all remote or irregular. 
To many, except the elass I am addressing, the following details of my orbit for 
1847 may prove too wordy, but it can readily be “ skipped.” 

Notwithstanding the rebukes upon Bradley’s noted observation of 1718, 
I thought that the curve might be brought in so as to afford points 
for an apparently reasonable ellipse, by adopting my last drawing {ut 
instead of that used by Sir John in his-first paper. As, however, the paucity 
of observations about that date allows such latitude in the manner of drawing 
the curve, I did not, when passing an ellipse through the deduced points, 
endeavour so mucli to moot them as those in the more authenticated part. 
Bilforont circumstances, it is true, will modify Bradley’s point to different 
uses, but, as it hardly satisfies the requirements of the orbit, I shall not introduce 
it into future argument: it is a remarkable observation, certainly, but at best 
is merely an angle of position obtained by an arbitrary allineation of the two 
components of y with a and S Virginia. 

Proceeding as before stated, and laying down from the assumed central 
star the positions interpolated, with the several distances calculated from the 
resultant curve, I found that the figure which best met them aU bore the follow¬ 
ing elements for the apparent ellipse:— 


Major semi-axis . 

. 3"-0697 

Minor do. . 

. 1"‘7643 

Position of major semi-axis . 

. 140° 

Ex-contricity 

. 0'8143 

Greatest apparent distance . 

, 5"-748 

Position at do. 

. 139° 40' 

Least appai’ent distance 

0-393 

Position at do. , 

. 319° 60' 


2 z 
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To arrive tlirotigli tliese at the elements of the real ellipse, I brought, the 
tangential method, to a severe trial; and it became sufficiently evident that 
the slightest 'error of projection might mar the problem, where, iis in the 
instance before ns, the projected and apparent major-axis wore only 14 apail. 
Indeed it seemed difficult to make snre of not drawing tho tangent mcovrc^clly 
by a degree or two; and the difference of a few minutes only in the inchnation 
of this tangent completely alters all the other elements when using the formula 
recommended. Pew desirable cases are without obstacles, under all ilu- 
difficulties of the present one, the attempt at conquest was made, but as 
some of the values would not adapt themselves to the instance foi they bioUf,ht 
out the real minor semi-axis less than the apparent one, which is htt\) 0 Hai 1 )h 
I was at the trouble of obtaining the real semi-axis of their inclinationH by 
the more operose method of computing tho major semi-axis from tin. iniiioi 
one and the ex-centricity, both of which wore given by moasureiiu.nt, aiul 
from thence the case of least possible ' inclination was deduced. or th(i 
periodic time—although perhaps it may be easier to calculate than to w»ugh 
the area—I cut out the orbit, and parts of it, as before; not only using tho 
tiTTift as given by the two extreme observations, but also as given by othci 
intermediate ones, and then taking the extremes. Thus tho whoh. ol tin. 
elements of the real eUipse were obtained: and here they arc 


Major semi-axis . . , - 

a = ;y'-f)i7:») 

Minor do. 

b ~ i"-7fi7a 

Excentrieity » . . . 

fl = O.H72.';3 

Position of pcrihcliou 

7r= SIDMR' 

Position of node .... 

Si= 4r40' 

Inclination of orbit 

7 = 31= .'57' 

Angle between nodes and apsides . 

X = 20})= 17' 30" 

Peribelion passage 

T = 1836-2 A.l). 

Periodic time .... 

r = 148-2 ycurs' 


I was somewhat disappointed on finding that, after all my care, the period 
should differ by forty years from my former attempts, though a little con- 
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soled on recollecting tlie causes of uncertainty in this very ticklish condition; 
nor was I pleased with another point or two. Yet, in order to try the value 
of this set of elements, and form an ephemeris of the object, I cut card-board 
sectors of the graphic projection to find the epoch and distance at any parti¬ 
cular angle, and weighed them; thereby adroitly avoiding the solution of the 
transcendental equations, which are necessary for comparing these elements 
with the observations. The segments were cut,* not to such angles as had 
boon observed, but to such as appeared to have been correct angles at the time 
of observation ; and thus they ran:— 


Angle = 160° 52' A.D. 

1720-23 

159°-8 . • 

1721-67 

142°-0 . . 

17.')6-95 

12()°-2 . . 

18()4-()4 

102 °-9 . . 

1822-18 

97°-4 . . 

1H25-25 

83°-5 . . 

1830-14 

78°-l . . 

1831-30 

62°-8 . . 

1833-23 


Angle = .320°'0 A.D, 
23.1°-6 . 

191 °-5 . 
1820-6 . 
1820-0 . 
178O-0 . 
i7rjo-() . 
172O0 . 
169O-0 . 


1836-15 min. dint. 
1837'96 
1843'54 

1846- 92 

1847- 25 \ 

1849-37 

1851-39 ) Prediotiona. 

185.3-69 

1856-94 j 


Those results appeared to rcju’csent the observations pretty fairly as to the 
angle, and the distances promised to do equally well, but they wore not com¬ 
pared, because the error in Bradley’s observation was accidentally unconsidorod; 
yet we may judge roughly, that the correction suggested of 10° would increase 
the period and diminish the inclination. As there wore now some symptoms 
of coming up with the chase, I resolved to trim a little closer, and attempt to 
form an orbit from the Bedford measures—1831 to 1847—only. I was quite 
aware that in the present state of the qitestion this attempt might not bo 
deemed altogether legitimate, since the problem is still held to require the 


* I havohad very powerful aid for carrying tlie weighing procesB to tlie groatost nicely of which it is capable; 
having been fiimiBlied with large sheets of cord-board made as ncoxly homogeneous as poBsiblo, by Mr, Dickinson, 
of Abbot’s Hill, F.R.S. the well-known and skilful proprietor of the extensive paper-mills near Hemcl-IIempstcad : 
and Mrs. Somerville kindly presented me witli a singularly delicate balance, mode by Robinson, of Devonshire 
Street, under the immediate eye of the late Dr. Wollaston. 

2 z 2 
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^ted produetBOtaE tie erfra-meridiaa obeemtoriee: but. boii« doeirouB of 
aecettaiuing wbeee we should be hud I been the only wutdior of tho phono- 
menu, the euperiment was made without the least inteutiou of undoivaluiug or 
slighting the obsemtions of others. This scheme gave for tho apparent bUipso 
a major semi-aris = 2'-902, with its angle of position = 141° Stf, and a minor 
semi-axis of l"-698; the real ellipse being— 


Major semi-axis 
Ex-centrioity 

Perihelioii . ... 

Position of node 
Inclination of orbit . 

Distance of Periliclion &om node on 
the piano of the orbit . 

Date of perihelion . 

Periodic time 


a = 3"*345 
e = 0-8682 
TT = 140° 3(y 
SI = 40° 44' 

7 = 30° 36' 

X = 278° 26' 

T = 1836-5 
p = 135 yciirfl! 


Another more ex-ceatrio ellipse which was protracted on a larger scJilc^ 
with a period about ten years longer would have satisfied tho observations 
almost equally well with this; but the above set of elements moot tho older 
ones more Mrly. StiU the period of one hundred and thirty-five years is C(a-- 
taanly curious, as being within all the former limits, while t is in excess. Such 
an unexpected result indicated something not yet in its proper place; and it 
became a question whether we are, or axe not, to admit the reality of tlui star s 
apparent singleness in 1836, as observed by Sir John Ilorschcl and myself. 
If it be admitted, it becomes a matter of doubt whether any orbit can bf‘ 
found to represent all the data, without supposing some extraneous perturba¬ 
tions about the time of perihelion.* 

■While pondering upon these matters, I received the woloomo pro.sont of 
Sir John Herschel’s truly important volume of Cape Observations, in which 
the re-investigation of the orbit of y Virginis, by a strictly careful examination 


* On thia cruoial point—extraneous perturbations—see the letter which Captain Jacob (poBt) wrote to 
me from Madras: and for the perplexity of some of my friends respecting the disturbing cause iu tlic movements 
of 70 Ophiuohi, see the Cycle of Celestial Objects (II. page 407). 
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of all the recorded measures, forms a very interestiag point. There the whole 
details are so ably sifted, that no one interested in tlie matter should rest till 
he has read it: but to others it may be told, that Sir John has now ahaTuloned 
the large elliptical orbit which seemed to be necessary to include the obaervji- 
tions of Bradley and Mayer; and, having rejected these data, has adopted tlu*. 
angles of position taken for the epoch of 1781‘89 when it was first nieasiinid 
by his father, and that of 1845, which was measured by myself, .as the oxti’ome 
epochs. This able and indefatigable astronomer had already told mo that the. 
change of principle in the process he had recommended, as before referred to, 
mainly consisted in using the angle 0 as the independent variable, and interpo¬ 
lating and calculating t (the time) from it; by which moans the solution of 
the transcendental equation, nt = u — e. sin. u, is avoided, as u is given by 

tan. ^ n = n/ tan. ^ 6. The obtained elements of this soarcliing and 
very masterly investigation of aU the observations are— 


Exccniricity. 

Inclination to the piano of projection 
Position of ascending nodo . 

Angular distance of poriholioii from node 
on Urc piano of the orbit, or true angle 
between the lines of nodes and apsides . 
Epoch of perihelion passage 
Periodic time. 


e = 0-87952 
7 2a‘’35'40" 

SI « 6° 38 ' 


\ = 313M6' 

T = A.D* 1836-43 
i> = years 182-12 


Sir John judiciously sums up by saying,—“ Comparing the orbits which 
seem entitled to most reliance, it appears certain that the occojitricity lic^s 
between 0*856 and 0*880, the incliaation between 23° and 27°, the pcrilitdion 
epoch between 1836*20 and 1836*46, and the period between one hundnsd and 
forty and one hundred and ninety years.” 

The paramount interest of this elaborate orbit, both to tho present and 
future story of 7 Virgmis, is so clearly obvious, that I resolved to give it enti)*(> 
in the Appendix, where the reader will find it under No. 111 . 

In the meantime 7 Virgiois had again become an object of very easy 
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measurement; and the reeults now ohtainahle are likely to he as fanstaoidUy 
as our present mlcrometrie power will admit of. And indeed it is in ^o< 
keeping, being elosely attended to in sereial parts of Butopo and Ammea; 
while the zealous Captain Jacob has not allowed it to pass nnobaoired m India. 
These axe my own additional data 

Position 179° 31' (n-S); Distance 2 "- 8 (™ 6 ); Ei’ocn 1848-36 

- 178° 37'(w 8); — 2"-9(^0); ■ 1849-31 

_177° 02' (w7);-2"-9 - 1850-28. 

Having thus watched this ertraordtaaxy system for upwards of twenty 

years, nnd observed it pass through so important a phase of its entire rovolu 
tion that I have actuaUy measured the companion in each quadrant of tho 
circle, I prepared to close my telescopic observations upon it with tho angle 
and distance of 1850. But, as the occasion was one of great mtorost to mo, 

I appUed to several friends possessed of powerful iustrumcntal means, begging 
of them to obtain sets of measures and oblige me with the results, lu order to 
afford evidence, that the opinion I had expressed of all present observations 
approximating near to each other, might be tested. TJrania, howovor, does not 
always command her votaries properly; and, at tho duo season of apparition, 
those scenes redolent of mortality and gas were unhappily preferred by one or 
two to the fresh air of the observatory. Moreover, Mr. Hind had overworked 
himself, and was unwell; while the instrument of one of our very best astro- 
meters, the Eev. Mr. Hawes, was lying dismounted. Two of my correspond¬ 
ents responded cheerfully to the call, and I append their finiits :-thoso of 
Mr. M. I. Johnson—from a mean of six eveniags—were taken with the now 
Oxford Heliometer, although it was then but just mounted, and tho manipu¬ 
lation of it hardly attained; and those of Mr. Arthur Kett Bm-clay wore 
observed under powers of 277 and 300, with a fine six-inch refractor of above 
eight feet focal length, on a German mountiug, driven by clock-work— 

Johnson . . of Position 179° 46'; Distance 2"-76; Epoch 1850-20- 

Barclay . -178° 07'; - 3"-09; - 1850-32. 
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While gazing at the small companion which follows 7 nearly on the parallel, 
I have more than once been struck with a sensation that another minute star 
was in the field; but even the idea was evanescent. However, to settle the 
question indisputably, I requested of both Lord E/Osse and Mr. LasseU to search 
the spot for mo, with their gigantic and powerful reflectors: and the result of 
their kind examination is, that no star exists between the binary pair and 
the little follower. 

On again weighing an orbit from my own measures brought up to 
1850, with special care in leading the curve through the epochs of the pro¬ 
jection, I obtained a period of one hundred and sixty-eight years. T?rom the 
sectors produced, the prediction angle for 1851'6 = 170°, to test which I again 
applied for comparing observations to some of my astrometric friends, whose 
replies, l)oing very illustrative of tliis portion of the Story, I subjoin. The first 
in date (Wateringbury, 26th March, 1861) is from the Hev. W, 11. Dawes:— 

I four you -will think I have ([uitc Ibrgotton your request tlmt 1 would send you a mciisure 
of 7 Virginis as soon aa jmetlealdc. You will sec however tlmt tliis is nut the caae: but, at the 
aame time, 1 must put your faith in my veracity to the stroLcli by aflirmiiig that the mcasuros now 
sent are the first, and the only ones, 1 hiivo been able to procure this year! A(‘U*j f saw you a 
tremendous cold confined me for some time to the house; and being accompanied by unusual 
oj)j)resaion on the chest, I found it necessary to be cautious of long exposure to the cold or night air. 
Then a aerhjs of had starlight nights occniTod, sevciral of which clouded over early; and two or 
three tantalized me with a view of 7 Virginis, more like a great oval nebula, or ratlier a silk¬ 
worm’s cocotm, than any object measurcable as a douldc star. I really thought it would be 
insulting to put on record, hy attompt(*d measurements, the appearance of the elegant creature when 
sulforiug from such an uwlul shivering fit as produced a buj-ribh^ deformity, completely amalga¬ 
mating all her features into one shapeless mass. So I very unwillingly closed my eyelids (sliutters) 
against so sad a spcctaolo. Last Friday night, however, after watching the formation and 
])artial dispei-sion of hazy clouds for several houj's—Iceling assured tliat the air ought to be fine il' 
tlic cloud would but take itself off—while looking at 7 Lconis, I was amazed and dedightod with a 
rather sudden tranquillizing of tlic image, which left nothing to be desired in the way of definition. 
I was using at the time a wheel of double convex lenses, and was aware I bad got a pretty high 
power on; but having been turning the wheel about, I did not know which lens was in use. I 
thought, however, it was the highest hut one, No. 5, power 641; so cxcpiLsitc were the discs, with 
a single almost (j^uiot ring round each, that 1 thought I would give the wheel one more click, and 
try No. 6 , power 903. When, behold, on giving the aforesaid click, 1 found 1 was already using 
903! I instantly detached the eyepiece and applied the micrometer; nnd being duly pinned and 
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loaded with power 500, leveEcd at the other 7 ; when, lol before I could got her fairly m focua, a 
cloud bcgaji to form over her; and, being determined not to be cheated if I could help it, I em¬ 
ployed about an hour in getting three angles, and four distances, as the star appeared by glimpses 
in the between large masses of cloud. It was worth while, however, for the results are 

good; and therefore I have pleasure in offering them, as follows:— 

1861-217, Position = 176°-5S; Distance = 2"'982. 

Though I have recorded, or rather given you, the angle as south following, the northern star 
was noticed as being certainly the smaller: which I observed to bo the cose also <hroughout the 
apparition of 1848. 

The next is from Lord Wrottesley (Wrottesley Hall, 18th April, 1851) 

Having at last succeeded in getting ten more very capital measures of 7 Virginis on a very 
favourable night, I no longer delay sending the results to you, and, as I promised, I send you the 
original entries of the observations, as read off from the instrument. The general result is,— 

Angle . 
with probable error 
and weight , 

Distance 
with probable eiTor 
and weight . 

Mean Epoch 

The probable errors and weights arc computed by the formulm, 

and weight 

The third letter is from Mr. Isaac Pletcher (Tam Bank, Codkermouth, 
l7th June, 1861), describing the instrumental means with which he obtaiued tbo 
subjoined measurements— 

1851-401, Position = 176° 58' Distance = 3"-047. 

I have much pleasure in emhraoing the earliest opportunity to reply to thy note of the 14th 
instant. 

The telescope employed in procining the measures of 7 Virginis, which appear in the May 


•4649 





= 176 ° 66 ' 
= 3'-65 ■ 

= 75 
= 2"-911 
= 0"-015 
=z 107 
= 1851-172 
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No. ol'tho Notices, and whicli I employ in all my double-star operations, is an acliromatic rofi-actor 

of about 6 feet focus, with a clear aperture of 4-14 inches. 

Tlic luoimtiiig is iilinost precisely similar to that of thy 8 ^ foot cquatoreal, illustrated and 

described in the “ Cycle.” 

The polar axis is 9 feet long, 9 iiiclicB square at tlie middle, and 7 inolics wiuarc at tire ends. 
It is made of 4 planks of mahogany, screwed together and hound internally. Ihe hour and 
declination circles are each 20 inches in diameter, iind read by verniers, the Ibrmer to 2 ® of time, 
and the latter to 10 " of space. 

The defining power of the object-glass is first rate; it brings out tlic 5th stiu* in the great 
nebida of Orion, and shows with distinctness the companions of f Herculis and 8 Oygui. The 
power employed in measuring 7 Virginia is 300. 

And, dually, Mr. J. ]?. Miller, of Whitohavon, having watched y Virginis 
into daylight, and having gained the last measures of her then a])parition, 
favoured mo with the following communication, dated July 19th, 1851 : 


1 have net hmg jmt my instrumciut to micrometer-work, and being desirous to get au ohsorva- 
tiou of 7 Virginis bolbrc. it is lost for the season, 1 have scoured two sets ol' measurements, which 
I scud you, as I know you are. particularly interested in this remarkable star. ^ 1 do not siipT^sti 
you will eonsi.ler them of any value, hut you will see how they eorrcsp.uid with those el other 
observers, llie ohseivations in position 1 believe may bo relied on as triistwortliy. 

Micrometrical mausurcs of 7 Virginis taken at the Observatory, Wliilchavcn, with a six-loot 
achromatic equatorial, 4'1 iu. aperture, driven by clock-work. Micrometer by Simms; 
poHiliuu circle 5 iiichcH diameter:— 


01)Hcrvaiionu, 

1851, June 22 . B 

1851, June 26 . 7 


PoHition. 

Diataiico. 

Olwlirvation. 

175.50 ■ 


?» 

175-68 

3"'040 

8 


'Die telescope is o.'cuctly the same sisso as Mr. 1. Flclehor’s, Tam Bonk, Cockennouth; the two 
have been tried together side by side, and no dillerencc in performimoo was perceptible. T readily 
saw the fiomfls of ^ Herculis on the 26th Juno. \ Ophiuchi is comparatively easy even at this 
season. My instrument is mounted precisely like that of Ross in the Groat Exliihition. 


Meantime Mr. Hind has kindly consented to undertake another orhit from 
my observations only, by a proceediag modified from his last: and it was some¬ 
what satisfactory to have the discoverer of ten new planets at work m co- 
oporation. On the 8th of April, 1851, he wrote to me in these gratifying terms:- 
“ I forward the results at which I have just arrived, from a discussion of your 

3 a 
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observations of ty Virginis; but, not baying yet been able to compaie tli(3m 
fully with the data, I must ask you to regard them with some indulgonco. 
!Por Yny own part, I really astonished at the very close roHCimbltiivco 
between these elements and those obtained from a discussion ol all the observa¬ 
tions, including Bradley’s and the elder Herschel’s. It speaks voluiiK^s lor 
your admhable measures, and is the more remarkable, as I have not nscjd 
any others or looked at any others for this purpose; in which, I bolLcvo, I 
was carrying out your wish.” 

Here, to my great satisfaction, I found a retrograde aimual motion of 
2^0987 at the epoch, coinciding exactly with elemental deductions; wliicli, 
with certain other orbital similarities, led to the conclusion that wo had now 
positively passed the threshold, and gained an insight of the iruo (dornouls. 
As I had the pleasure of seeing Mr. Hind soon after he wrote, wo tulk(ul ov(U* 
the case, and considered that it constituted a fact which some of th(3 Hb^llur 
inquirers would like to be acquainted with; and, as those sliGots are only 
destined to a limited circulation, we agreed upon the eligibility of his coni- 
municating it to the Eoyal Astronomical Society, at their mcoling on the 
following evening, AprU. 11th. This is the statement, as copied from the 
Minutes, and inserted in vol. xi. No. 6, of the Society’s Monthly Notices:— 

On the Elements of the Binary Stax 7 Virginia, resulting from a discussion of the MeaHur(‘e Inken 

byCapt. W. H. Smyth, R.N. between the years 1831 and 1850. By J. U. HIND, Ksq. 

Foreign Secretary. 

It is well known to the members of the Royal Astronomical Society, that ainongHi the hIui'M 
observed for the Bedford Cycle by Captjtin Smyth, the intorcsting binary syHU'ui 7 Virgin is 
occupied a promincut place. During the period included by the Bedford mousurcH, a vtny criluuil 
and important part of the orbit was passed over, and great pains were bestowed upon the observa¬ 
tions to render them as accurate os the nature ofthe object would permit. In 1831 the coinponmib 
stars were separated about ^be smaller one being situate in the north following quadrant alK)ut 
12 ° above the parallel of declination. From this position it was watched by Captain Smyth during 
its passage tiuough the same quadrant, the central distance diminishing each year, until in the early 
part of the year 1836 the star was pronounced single under the beat atmospheric conditions. 
Before the close ofthe spring the Bedford telescope again afforded indications of dujdicity, and two 
nights’ observations showed that the companion had just completed a fourth part of its orbit, its 
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position being now 12 ° nortli preceding tlio principal star. In 1837 a fnrljicr change of no loss 
than 83° in the same direction had taken place, the aoinea lying in die angle 265° at a distance o( 
rather more than half a second of arc Irom the primary. In 1847 Captain Smyth found it still 
on the preceding side, but at a central distance of 2"‘6, and his observations early in tlie. year 1848 
showed that it had just passed the vertical point, the measures yielding an angle ot 179°‘5; anil at 
the date of the last observations in 1860, the angle had further diminished to 177°’1. 

It thus appears that the whole series of measures taken with the Bedford telescope include a 
change in the position of the companion-star of 260°, or nearly three-fourths ol a revolution, 
extending, as bidbrc remarked, over a very important part of the orbit. Tho question, therefore, 
naturally suggests itself, whether an investigation of the elements from this series of measures, to the 
exclusion of all others, might not be one of some value, us showing, by conipiuison with elements 
founded upon the whole of tho measures of other astronomers, including the valuable alignments of 
Bradley and Pound in 1718 and 1720. what kind of dcpciidenoe wo may jdaco upon clomeiits for 
other binary systems computed under similar circumstances, where, during the interval between tho 
earliest and latest observations, a portion only of the ellipse has been described, which is to be traced 
cliiclly from tlic mcasuroH ol one ol)Horvor. 

In the present instance the investigation proniiseil to lead to results of esiiecial interest; the 
iiicasuros of 7 Virginis, jniblished in tho Bedford Cyclic, wore taken by one ol tho most experienced 
observers of the present <lay in this particular de])artmeut ol astronomy, were made throughout with 
tho same, instrument, and under tho most iavourablo conditions as regards the state of the. 
atmo,sph(!re., the j)owers employed, &c. With data derived under these promising circumsUinccs, 
an orbit lairly ai)proximating to the true one (or to that whlclr wo have strongest rco-son to rely 
upon) might bo expected us the result of their discussion; but I confess 1 had no idea that this 
series ol’ meusures (leaving untouched, as it docs, the more distant part of tho apparent ellipse when 
observations are niailc with comparative facility and proportionally greater accuiacy,) would 
produce a set of elements bearing such close rcsoinblancc to tliose of Sir John llcrschol, which, 
having been calculated upon tlie whole course of observations, on a method pos.sessing peculiar 
recommendations, wc may lliirly pnssumo to bo the most exact system at present in the hands ol 
astronomers. For the sake of immediate comparison the two orbits arc subjoined together:— 


liLEMMNTH Olf 7 VlllGINIB. 
T. Knim tho Obficrvations 


Motion in tlic orLit— Tetrograde. 

3 a2 


11. Sir John llerHchol’s 


of OiipL. W. 11. Smyth. 

lost Klomonts. 

I'criliclloii piwagc , . . . 

1836-40 

1836-39 

Position at ])eriliclion 

323° 50' 

322° 12' 

Ascending node .... 

20 ° 34' 

28° 42' 

Inclination to plane ofprojection 

27° 23' 

30° 39' 

Angle between tbc lines of* apsides and 
nodes upon the orbit 

300° 13' 

290° 30' 

Excenbrieity .... 

O’8804 

0’8H60 

Period of revolution 

1713'”-54 

183J™.14 
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In oomparing diese orbits, it must be borne in mind that in the present case an alteration m 
the position of the node of 10= has but very little influence upon the eomputod tmgles of position; 
and for this reason the node and lhe angle between the lines of nodes and apsides cannot be exactly 
asoertained. The agreement between the other elements is, I think, very remarkable; and, as 
regards the period, the observations of Capt. Smyth furnish us with the time of revolution of the 
companion-sun round the other, differing less than twelve years from that wliich, luider existing 
circumstances, may be regarded as tbe true one. 

After having heard this interesting communication read to the Mooting, 
on returning homewards in company with my friend Mr, J. C. Adams, of 
Neptunian celebrity, we entered into a discussion upon the several orbits of 7 
Virginis; and I was not scrupulous in pressing him into the question, smcc 
I feel fully persuaded that sidereal physios must one day become of the highest 
paramount interest to transcendental investigators; and we are well aware of 
the advantages of combination. After a few preliminaries, I found him 
‘‘ nothing loath in the matter, and he undertook to attack the prol)lcm by a 
method of his own. The result I had the gratifloation to receive, under date ol* 
the 29th of June, 18B1; and was in hopes the details, with a full account of thorn, 
would have been given at the next meeting of the Eoyal Astronomical Society. 
Meantime the following extract from his letter shall form the satisfactory 
conclusion of this lengthy Story 

I have great pleasure in scndiug,you the results which 1 have obtained rcs]>cctiiig the orbit of 
fy Virginis, and I feel the more indebted to you for having called my attention to the Hul)ic*c.t, inas¬ 
much as tlie problem of determining tbe orbits of double stars is one with which I had ])rt‘VU)UHly 
only a theoretical acquaintance. Tlio orbit given by Sir John Herschel in the KesultH of liis (Jape 
Observations, was taken as the basis of the calculations, and equations of condition for tlu^ corr<’,etloti 
of the elements were formed by comparing certain selected angles oI‘position deduced from observa¬ 
tion with the values calculated by means of Sir John Herschers elements. 

The positions employed are those given by Bradley’s obsciTatlou in 1718, Sir William Iler- 
schel’s observations in 1781 and 1803, a normal position for 1825 deduced horn tlic observationH of 
1822, 1826, and 1828, one for 1833 from the observations of 1832, 1833, and 1834, another inr 
1839 from the observations of 1838, 1839, and 1840, and, lastly, a normal position for 1848 from 
the observations of 1846, 1847, 1848, 1849, and 1860. The number of these positions btsiiig 
greater by one than that absolutely necessary for the dotcrniination of the elements, I at first omitted 
the equation of condition for 1718, and solved the remaining ones in such a manner as to show the 
effect wliich would be produced in each of the elements by a small given change in any one of the 
observed angles of position. The result proved that the elements would he gi‘eatly affected by 
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in tin* olwcrvcd positions for 1781 and 1803, and I therefore called in the observation 
Ilf 1718 to till' rosfiK’, and solved tlic equations anew, supposing the positions for 1825,1833,1839, 
aiul 18-t.S (11 Ilf eorrect, and distiihuting the errors among the other three, according to the rules 
• iippUfil liy tlif method of h'ast squares, giving double weight to the observations of 1781 


.iiid I8ti:i. 

Till' following are the resulting elements:— 

I nelinatlon of the orbit to the plane of projection . 25° 27' 

Position of the node.34° 45' 

1 listanee of perihelion from the node . . . 284° 53' 

Angle of ex-eentrioity .... . 61° 36' 

or (‘x-centricity.0'87964 

Perihelion ])assage. 1836'34 

Period .174y™137 


The [ollowing lahle shows the difiernnccs between the observed positions and those calculated 
tVoin the above elements: 



OliHorvod Poaition. 

Calculated Position. 

Difference. 

1718-22 

150° 52' 

161° 3' 

— 11' 

1781 '89 

130° 44' 

130° 29' 

+ 15' 

1803-20 

120 " 16' 

120° 43' 

— 28' 

1825-32 

97° 46' 

97° 43' 

+ 3' 

1833-27 

61° 16' 

61° ir 

+ 5' 

1839 36 

215° 61' 

216° 2' 

— 11' 

1848-37 

180° 6' 

180° 6' 

0 


A better agreement could scarcely be desired. The observations made about the time of peri- 
hi'Iion pa.sMige are liahle, to great orrom in consequence of the excessive closeness of the stare, and 
thin-el'ore 1 lUd not tiiki: them into account in forming the equations of condition. 

Sir flohn llersehel was obliged to admit hirgc differences between these observations and the 
...mnlta of his tluH.ry, and these differences arc considerably increased by using my elements. I am 
iueline.1 to think that these observations cannot bo satisfied without materiaJly increasing the en-ors 

,m hi ith sides of the perihelion passage. _ ^ 1 ij 

Mv elements agree very well with the latest observations which have come to my knowledge, 
!,s is shown by the following comparison:— 


Oliflorver 

Lord Wrottesloy 
Mr, « 

Mr* Fl(‘t<}hor 


Epoch. Observed Poaition. Calculated Position. Difference. 

1861*172 175® 55' 175® 52' + 3' 

1861*217 176® 35' 176® 49' +46' 

1851-401 175“ 58' 175“ 34' + 24' 
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Heee I certainly considered that I had made a clue-up with this remark¬ 
able star; hut circumstances having brought me to dwell within hall’ a mile 
of Hartwell in 1861, an opportunity offered of continuing my observations 
on that and other objects, with less inconvenience than I had boon at since 
leaving Bedford: especially as Hr. Lee had a icm nova made between the grounds 
of HartweU and St. John’s Lodge, expressly for my convenience. I tluu'tdbrc 
resolved to watch 7 at least till the final period of my predictions of her march 
{see ante^ page 366); particularly as I had reason to suppose that the epoch 
of 1867 would exhibit the excentricity, inclination, periastral passage, and 
period, in greater unison than heretofore. Now my own angular mcu-siires for 
that—to me—crucial point, were a degree and a half in excess; while liw' pljiei's 
observed for me by my kind correspondents were— 

Position 173°’00 Distance 3".640 Epoch 1856'96.— Ab'y. 

-170°‘08-3"'686 - 1867’3fl .—Dawes {doiifile 

- 169°'93-3"-661 - Dawes {mre me.y.) 

-171°-55-3"'537 - U51A\.—Fletcher. 

-1710.36-3".666 - 1856-97.— Wrottcsleii. 

To these I must add another set from Captain W. 8. Jacob, that was convisyi'd 
to me in a letter from Madras, under date of February 12th, 1868. This 
document was sunk in the Ava, a steamer laden with treasure, whi(!h wjus 
wrecked going into the harbour of Trincomalce; and, after its being almost 
pulpified by soaking in sea-water, was fished up from the wreck, and reacluMl 
me on the 12th of May in that year. The following is an extract:_ 

I liave the pleasure to acknowledge the receipt of your letter of the 2ntl of Siptfmbor lest, 
with its mcloBUxes, literary and scientific * * • * In return, I soud you luy lust (‘poch of 

7 Virginis—a mean of five uights’ observations with powers 277 and 365—which, you will see, 
agrees very closely with yours; 

Position 170°’69 Distance 3"'604 Epoch 1857*957 

The vagaries of this pair (real or supposed) wiH, I suspect, turn out of tho same olmnu-tcr us 
those of 70 Ophiuchi (see ante, page 282) and a Centauri, wluoh I have little douht prococfl Ironi the 
disturbance of some planetary body or bodies, probably much larger than any of our ])luut;ts. J 
have latdy found out several other pairs exhibiting similar recurring disturbuucoH j so that they will 
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form a class of llicir own, and be no longer exceptionable cases. The class will also include, of course, 
such cases as that of Sirius, with its recurring variations of proper motion. I hope to discuss the 
matter more fully before long. 

It may assist examination, and save the trouble of raking for data 
throughout this rambling story, if we here recapitulate the whole series of my 
measures of 7 Virginis; begging the reader to recollect that they arc all result¬ 
ing from the same eye, object-glass, micrometer, and mostly from the same 
eye-piece—so that for all observable movement they are fairly comparable mter 
se. On this account, only the operations with the large cquatoreal ai’e enrolled: 
but my personal acquaintance with 7 commenced at an earlier period, and in 
1828 I attadcod her with some rock-crystal prisms charged in a 6-foot re¬ 
fractor of 3|: inches aperture (Cycle, I. pages 386-6), and obtained with lens 2, 
prism 2, power 135’6—as the dependent results, by three sets of measures 

taken in the nf quadrant, 

Position 88“'37' Dtstanoe 2"’72 Epooii 1828'99. 

The instrumental consideration thus given, applies indeed to all my printed 
observations; for, though 1 was charmed with the performance of the ocular 
crystal micrometer, I surrendered it for what I thought more in keeping with the 
objects in view {see mte, pages 126-6). Having made this statement, we will 
now proceed to a general rdsurad of the whole of my operations on tliis object, 
with the double-wire micrometer 


Position 77®‘9 (w6) 

-71'’-4 cto 5) 

-- (w 7) 

- 62'’-7 fw 8) 

-48‘’-8 (w 6) 

- 45°’6 (« 6) 

-160-0 (w 8) 

- rmnd (w9) 

- round (m 8 ) 

- bloUy (wS) 

- 360-9 (»4) 

- 348‘’-6 (w 4) 

- 266“.4 (w 8) 


Distanck 


l"-6 

(w 2) 

Epooh 1831-38 

1"’2 

(w3) 

1832-40 

7iol taken 


1833-23 

V'-Z 

(w 2) 

1833-44 

P'-O 

(»2) 

1834-20 

0"-8 

{w 2) 

1834-39 

0"-6 

(wl) 

1835-40 

round 

(id 9) 

1836-06 

round 

(«>9) 

-- 1836-16 

hhtty 

(w 6) 

1836-25 

elongated 

(«i6) 

1836-30 

elongated 

(»6) 

1836-39 

0"-6 

(«1) 

_ 1837-21 
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Position 236°'7 (•» s) 

-217°-2 («6) 

-192°-8 («fi> 

-19r-6 (fffS) 

-185°-4 (« 6) 

-182‘’-9 (w7) 

-18r-9 (a 6) 

-179'’-5 (w 8) 

-178°-6 (» 8) 

-177‘>-0 (»7) 

-175‘’-6 (wfi) 

-173°-9 (w 6) 

-l71°-6 («i6) 

-170"-6 (w 6) 

-169‘’-9 Cw 7) 


Distance 

_)"-0 

_ l"-9 

_ l"-9 

_2"-l 

_2"'6 

-2"-6 

- 2"-8 

-2"-9 

-' 2"-9 

-3"-2 

-3''-2 

-3"-4 

- 3"-6 

-3"-8 


(w 2 ) Epoon 183?-28 

(u, 2)- 1839*40 

(w? 3) — 1843*08 

(«8)- 1843*33 

(w 4) - 1845*34 

(„ 4) - 1846*39 

(w 6) — 1847*41 

(iff 6) — '' 1848*36 

( 106 )- 1849*31 

(iff 6) - 1850*28 

(iff 4) ' 1852*42 

(iff 6) -1853*35 

(„7) - 1855*40 

(iff 8) - 1857*41 

(„7)- 1858*39 


These iast places are, I presume, as fair as could be expected, the observa¬ 
tions having been made under extremely favourable circumstances as ivtdl 
instrumental as atmospheric; yet, from the object’s present easy moasuvomont, 
there is more discordance between the angular results oi my corri^sjioiuhints 
and myself for 1868 than I expected, or quite like (see mie, page 247). 7 how¬ 
ever must be closely watched; for the motion is now so nearly uniform along 
the Hue of ellipse, and the variations both in position-angle and distuiuio so 
slow, that multiplied observations become necessary, in order to eliminate as 
much as possible any errors of judgment. 

While writing this, my youngest son, Captain Henry Augustus Smyth, of 
the Bioyal Artillery—arrives from Shoebuiyness, where he has boon experiment¬ 
ing with the new Armstrong gun, which strikes targets at two miles and scuds 
shot to the distance of five miles. Turning now to a very dilTeront branch of 
applied mathematics, he volunteers to gather the disjecta memlra of 7 Virginis— 
of which star he has heard from his earliest years—and try his hand at moulding 
them into an orbit. I have therefore supplied him with the materials; and, 
if he can accomplish the task before his short leave of absence expires, his 
conclusions shall form a section of the Appendix to this volume. 

After making the epoch of 1858, 1 took a real and formal leave of this object 
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{see No. V.), not fcom any relaxed zeal in its canao, but tliat at the age of 71 the 
morning and evening’s going to and fro from house to house—from St. John’s 
Lodge to Hartwell, and again from HartwoU to St. John’s Lodge—began to bo 
rather monotonous; and moreover it was high time to give place to young blood. 
To bo sure some of my friends intimated that this was not a final resolution; and 
Sir John Horschcl even made a prediction in this form—“Bid adieu to the 
obsciwatory, eh P Not a bit of it. Years hence you will bo found one winter’s 
morning frozen at the end of a telescope, with your thumb on a micromotor 
screw.” Now the chance for verifying this would rest on the equatoroal-instru- 
mont’s being transported to my southern lawn, whore certainly it would find but 
little rest, for happily I am one of those who hold that eyes arc none the worse 
for being used. At all events, I have had the satisfaction of contributing to 
uimavcl a system which allbrds, by actual changes in angle and distance—the 
former varying in velocity inversely as the square of the distance—incontrovoitible 
(jvidenco of the idiysical connection of its constituent members. Every successive 
stage in tliis interesting inquiry has been converting probability into fact, 
and there cannot exist a reasonable doubt of this and other binaries being 
subject to the siune dynamical forces which govern our own system. Yet 
there are some very formidable heterodox savans in opi)Osition, who thinlc that 
the operation of the law of gravitation among double stars, however probable, 
is not yet sufliciently ca])able of demonstration; for as the observations are only 
equivalent to seven or eight really distinct data, that those data are not suflicient 
to detormino whether tui ellipse is described according to that law. Now there 
are anomalies and bold hypotheses in the action of gravity; but as wo Imow 
that binary stars aro hold together by a central force, and that the comj)onentK 
revolve under the influence of a mutual attracting power, wo can only postpone 
the question for time and increased accuracy of observation. 

As this opinion, however, is not yet accepted; the various doubters must be 
allowed to swing in the tide’s way, especially those whoso opinion is worth having. 
Olairaut doubted Newton: placing too little faith in a doctrine which bad other¬ 
wise proved its correctness and generality, this indefatigable geometer was led to 
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believe that tbe law of gravitation was neither true nor universal; but on trying 
back be was convinced of bis mistake, and, like a true man, very becomingly 
ebaunted a public paHaody. Now, tbougb there are certain impediments yet 
to overcome—and perhaps even retcurd acceleration difficulties to grapple with— 
every advance tends to demonstrate that tbe Newtonian doctrine of attraction, 
obeyiag tbe Keplerian law of areas, may be regarded as tbe controlling agent of 
tbe Universe ; a most sublime and useful truth,—one chiefly added by a corps of 
zealous amateurs to tbe wonders of Astronomy ! 



ST. JOHN'S LODGE 







































CHAPTEE IX. 


OF ISHCKB’S COMET. 


Whore is thy tnick throughout the vii,st expiiiisc? 

Still onwiirtl hast thou urg’d tliy hold oarocr, 

From t\u\ lirst liour whon the Creator’s lunid 
lm])eird thy lire along the liclda of light, 

Nor ever yet arriv’d within the vovg(‘ 
or mortal ktm! 

Wruu. 

A detailed account of this gaseous wanderer will bo found in the first 
volume of my Oyclo of Celestial Objects; but, as a plate of its appearance on 
the 22nd of September, ISdsS, when caught up by my son, Professor C. Puizzi 
Smyth, then with mo at the HartwoU toloacope, has been jireparod by liim for 
this volume, a few discui’sivo remarks may be added. Wlien found, the comot 
was so faint as to require a large telescope and a practised eye to see it; and even 
then it appeared only as a dull nebulous patch about throe minutes in diameter, a 
little condensed towards the centre, and shaded off indefinitely at the edges. It 
was best seen with the eye-piece powers of 60 and 22 times, and tolerable places 
were obtained by an eye-piece armed with a broad bar instead of wires, so as to 
render the gazer independent of an illuminated field of view. To my eye it 
seemed rather familiar, from having spent much time over it at Bedford, at its 
apparition early in November 1828; but the star which was accidentally shining 
through its central body, gave it somewhat the appearance of its having been 
famished with a nucleus. {See tlm Plate, md page 377.) 

3 n 2 
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At the yery name of comet what a host of associations and ideas arise; 
what a TnaRa of human errors and perversities does the history of comctology 
exhibit; what fear and dread have those wanderers so needlessly inspired 1 
Never did popular prejudice adopt more unlikely engines for producing the 
threatened destruction of the world: without light or heat of their own, 
without any solidity, and without appreciable weight, how utterly powerless 
they must be for good or for evil 1* 

We now understand them to be as orderly members of the solar system 
as the planets: lilce them, and yet different from them; bearing the same 
relation to them that birds do to animals, both denizens of our earth, but the 
former able from their lighter nature to rise and perform flights in a medium 
into which the latter may never elevate themselves. So the comets—circu¬ 
lating hke the planets round the self-same luminary, yet not possessed of their 
grosser weight—taike courses and curious flights above and below the ecliptic, at 
aU angles and in aU directions, and with velocities and excentridties that seem 
for ever to bo denied to the others. 

Some have attempted to make out a connexion between planets and 
comets : and there wore even hopes, before the discovery of Uranus and Nep¬ 
tune on the one hand, and of small comets of short period on the other, that 
on the outer confines of the system the excentricities of planets there to bo 
found might approximate and mingle with those of comets. Uecent discove¬ 
ries have, however, shown the outermost planets to have the least excontricity, 
and the outermost comets the most; each of these respective spedcs thus 
showing no tendency whatever to any amalgamation. But it is 'far more in 
the physical features of the comets, than in the character of their orbits, that 
they differ from planets; and the motions of both are understood, while the 
former’s qualities are still as imperfectly known as ever they were in those 
days when they spread alarm and dismay amongst nations. 

• That crazy and cruel fool—Alphousus VT. of Portugal—heing told that the Comet of 1664 , deBcribed by 
Lubienietski, presaged the death of a soTereign, rushed out on his terrace, called it all sorts of bed names, and shot 
at it with his pistol I The comet steadily kept on its course. 
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Tliat so little advance has been made in this department seems to bo due 
chieflyj among those causes which we can qualify, to too much having been 
attempted; to inquiries having been made into matters not strictly within the 
reach of science. Thus, it was not enough to make statistical registers of the 
various genera of comets, and to investigate the routine of changes wluch each 
undergoes in the various points of its orbit, but men must needs account for 
how a comet was created, and what purpose it was subserving. In the dark 
ages these purposes were to foreshadow the deaths of kings, to indicate revo¬ 
lutions and wars, and—when those ideas wore dissipated before an advancing 
pliilosophy—fi'ost, storms, heats, droughts, &c. took their place, l^hoso, again, 
have vanished before tho onward march of science; but, such is the perverse 
vitality of error, that men stiU think themselves bound to supply some cause and 
some purpose for the existence of comets. Against this, in tho oxcoUont work 
recently published under tho title of Outlines of Astronomy, § 664, tho illus¬ 
trious author says,—"Even now that wo have ceased to regard tbeir move¬ 
ments as irregular, or as governed by other laws than those which retain tho 
planets in their orbits, their intimate nature, and the ofliccs they perform in 
tho economy of our system, are as much imknown as over. No distinct and 
satisfactory account has yet boon rendered of those iiumonscly voluminous 
appendages wliich they boar about with them, and which are known by the 
name of their tails (though improperly, since they often precede them in their 
motions), any more than of several otbor singularities which they present. 

Iloro now there seem to be far more stringent requirements than are ex¬ 
acted in the case of tho planets; for who has ever thought it a drawback on our 
knowledge of planetary astronomy, that wo did not know tho oilico which these 
bodies perform in tho economy of tho system ? Enough for us, then, that we 
can determine with greater exactness every year, their distance, size, weight, 
tho form of their surface, with tho motions and chamctoristics of their atmo¬ 
spheres ; and the sooner wo apply ourselves to stoadfly accumulating similar data 
respectiog comets the better; for certain glimpses of the wishod-for desiderata 
may then appear of themselves. Eoyal roads and short cuts have, liowover. 



374 


SPECULUM HABTWELLIAITUM. 


seductive cliarms for the despisers of induction; and I will hero give some 
passages of a letter lately written (August, 1860), by an assistant-Astronomer 
in a standard observatory, as a sample of side-wind philosophy:— 

Jc m’occupe avcc les sciences ph 3 ?Biqucs, et j’ai fait qiielques d^couvcrtcs trca int6res8antos, doiit 
vous verrez bicnt6t rune qui exprime la cause clu magnfitismc terrestrc.—J’oi trouvC uiissi un 
systeme pour aupprimcr les incendics. Cc systfimo a 6L6 deja approuvd pax lo Comitc “ scli^ct ” dt‘ 
Woolwich, et fi, present jc in’occupc d lo mettre cn execution.—J’ai fcrouve quo la torro (jt los 
plan&tes subirent plusicurs pdriodcs gdologiques, ct pendant diaque periode dcs ages sont paTcouniH; 
qui se distinguent par Iciu tcmp&atures. Lc nonibrc des pcriodcs parcourucs par chiiquo ]:)laiietc‘ 
est difierent, quoique eUcs ont 6i6 produites par lo solcil ii la mSrac 6poquc. Mainlonanfc, ](w jjIu- 
netes porcourent dcs ages dlDFercntcs, Saturnc parcouro son ago glacialo, Jupiter son age tc^nipord, 
ct Mars son ago tonidc, la Terro se trouvo dans son age temperd. Cos ages dependent dordpiilssiu'ir 
de fatnioaph&rc, qui sc forme par la decomposition de I’cau, L’azotc n*cst pas un corioa simjdt^, mais 
un compose do 2 liycbogdno ct Ij- oxygene. 4 atomes d*can=4 0 + 4 11 = 0 + 2(li-0 + 211) 
= 0 + 2 A 2 =: air. Ainsi les memes elements produisent I’cau ct Pair. 

Les Gometes sont dcs atmosplifercs ddtacliees en deux moitife par les poles des planct(!H a la fni 
do chaque periode geologiquc, oil an moment de cette catastroplic par la sdparatiou do l*atin<»sphor(‘, 
les corps organis6s ccsscnt dc vivre, la temperature biiisse, ct les caux accumuldcs dans la zonc^ 
tondde par la pression do 1’atmosphere dans les latitudes siipdrieuTca, oil son dpaisseur etait la plus 
grande, sc ddehainorent, et olios formcreni dcs torrents cliriges vers les poles, qui a])portdrcul Ii‘s 
debris dcs terreius pour enscvclir lea cadavres dont la Rurface de la terro otait jonchec. On a die 
etonnd ici dans les miiseos qnond on a entendu qu’il n’existe pus des Ibssiles d’animaux teiTostriis dans 
la zone torridc. Les eldracns des combtes sont les niGmcs que cctix do raimosphero, V deTi'an, 
2 ° dcs vapeurs, ct 3® dc Pair, Ainsi les cometes ne sont que dcs vents do Pcspace. * 

Here is a precious theory, built up without a single fact, and at variance 
with all experience I Pirst of all, azote, suspected to be a compound gas, bui- 
never yet proved to be so, has its composition exactly laid down from fancy, 
so as to agree with a supposed easy plan for nature to manufacturo the gas 
on a large scale. Then we come by a jump to the comets, which are portions 
of the atmosphere detached from each pole of the earth, at stated periods. 
As to how this detachment is brought about, why it should be, and when, 
not a glimpse is given; nor of how the detached air is at once to take upon 
itself the peculiar motions and characteristics of a comet, so excessively 
different to aU that the body of air had been accustomed to, when still accom¬ 
panying the earth. AH these difiSlculties are, however, overlooked, and the 
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notable conclusion is at length come to, that the elements ol* comets are the 
same as those of the atmosphere, and that thus the once-thought portentous 
comets are hut the winds of space I 

If, instead of such constituent principles as those, some additional good 
honest elements in the shape of perihelion distance, oxcontricity of ovlnt, &c. 
of comets had been given, some real approach to a knowledge of iho ])hysieal 
eharacteristics of these bodies might have been obtained. The intelligent and 
elaborate discussions of Professor Encko on the phenomena of the very comet 
before us, constitute a point which might have been imitated, however hojndoHS 
the excelnior might jmovc. An inquiry into this philoBophoi‘’s CounUmi of 
lloaiuLmwe, so as to tend to a definitive solution of a question which gives such 
inquietude to astronomers, might have obtained proforonco over a more bag-full 
of wind: and though the scrupulous devotee may still hold the })oint oi‘ a medium 
to b('- in abtiyanco, there are those who consider the undulatory theory to be incoti- 
tostably (istablishod. Nor can the general argument as to whether our comet shall, 
after a great but not infinite period of time, bo absorbed by the sun or vaporized 
into aitenuated ether, bo a matter of indiiroronceovonto the above-quoted air-tuan. 

Investigations into the orbits of comets ctin fortunately bo pursued without 
any knowledge of their form and size, by mere relereuco to the i)oint called 
tluj lUKilcLis; all the sensible weight of the body is so completely wmtered hew?, 
that, however much further the body may extend on one side than on the other, 
it mak(is no diircrcnco,—no sensible ditTorence at least, ^in the position ol the 
centre of gravity and of motion. With the planets, we may either observe 
the centre, or the two limbs, and the moan of those will be soon to give the 
centre, but it is far otherwise with the comets: at the tail side the body may 
extend sixty to one hundred degrees from the nucleus, at the other side only 
one-fourth of a degree; but yet the nucleus moves as if wholly independent 
of all that oxcontric body. This body, both the tail part and the denser 
parts about the nucleus, called variously the coma or the head, mid often 
mistaken for the nucleus itself, are constantly altering in size and form; the 
nucleus is the only portion wliich remains constant; it is infinitely small in size, 
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is seen only as a minute stellar point, and to this alone the attribute of 
solid matter can attach. To this nucleus proper (not the head, as noticed by 
old observers) no sensible magnitude has ever been attached, and evciy succeeding 
improvement in telescopes farther limits the size which it can possibly b(5 of. 
The sTnallftr comets do not show any apparent nucleus; tbo existence of oin^ 
however, though too small to be seen even in our best telescopes, may ulvvay'^s 
be inferred from the tendency of the gaseous matter to concentrate round oin*. 
part, and so form the head, or at aU events to indicate tbo roforrhig point for 
observation of the place and orbit of the comet. 

Both the nucleus and the gaseous semi-transparent body shine by rollectod 
light, as proved by Arago’s polarising experiment, and cannot thorclbro be 
supposed to have any notable temperature of their own; certainly not any 
heat of incandescence. The small weight that the nucleus can possibly b<^ ol‘ 
is indicated sufficiently in mere observation by its excessively small dinKuisions; 
and the little weight of all the body is shown in its transparency; for it cun 
be seen through in every direction, and so easily, that a thickness of sixty 
thousand miles of it (according to Sir John Ilerschel in the case of Bicla’s 
comet) does not sensibly affect the brightness of the smallest stars, llimcc 
there was probably not so much substance and matter in all that depth and 
thickness of comet as there would be in a depth of a few foot, or oven inclu's, 
in an ordinary cloud. 

Comets were anciently divided into twelve classes, in this fasliion—boarih'd, 
torch-hke, sword-like, tun-like, javehn-like, hom-like, &c. &c.—and oven still 
a distinction is kept up between the largo comets and the small ones, or those 
with tails and those with none: but this would seem an unnecessary division,* 
for the one sort merge so imperceptibly into the other, that the featuis's (jf 
each may be represented merely by different degrees of the same form or 
quality. In times when they were less feared, and perhaps better understood, 
these “blazing-stars” were subdivided into bearded, tailed, and hairy or coma¬ 
tose : and for more refer to the Cycle, (I. pages 210, &c.) 

Comets of long period, as that of 1811, with a period of Wo thousand 
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five hundred years, are generally large; the nucleus of this was distinct, the 
tail long, broad, and bright; and, being circumpolar, remained constantly visible 
for upwards of ten months {see mte, pages 91-2.) And comets of very excentric 
orbits, as iu the instance of 1843, which had hardly any perihelion distance, have 
very excentric bodies, or long narrow tails, this appendage being at one 
period 70° long by 1° broad. 

Comets of short period and small excentricity, as Encke’s, with a period 
011 % one thousandth of that of 1811, have small bodies, and these not very 
excontricaJly dispersed about the nucleus. Thus Encke’s, as exhibited iu 
the engraving, presents only a small oval mass of vapour, without any visible 
nucleus, but with a sensible concentration towards the place of it. A small 
star is shown, as it it was seen, clearly and brightly, through the very thick 
of the comet, and must not be confounded with the nucleus. Tho rest of the 
stars are inserted rather to show the telescopic characters of them, and their 
distinction from the comet; they so sharp, precise, and pungent,—and it 
so weak, diffuse, and ill defined. "WTiile planetary bodies may bo fixed in 
space by moans of then’ boundaries, may, in fact, be defined in tho strict 
geometrical sense of a definition, tho comet admits of no such fixation, but 
recourse must bo had to the new natural-history method of the typo; which, 
instead of drawing the circumfereuco of a circle, and stating all that it excludes, 
rather fixes tho place of the centre of it, and gives aU that it eminently includes: 
so tho place of tho comet cannot be defined by its borders, but by the position 
of its centre, or wo may say the excentric focus, carrying the nucleus and the 
more condensed matter immediately around it. 

Although I have referred the reader to the account which I have given 
in my Cycle of Enoke’s comet, still the interest attached to its discovery, or 
rather to the determination of the nature of its orbit, and consequent rate 
of its motion, warrants a PartMan glance. As Encke’s investigations produced 
the surprisingly short period of one thousand two hundred and eight days, a 
retrospective view was obtained, and by trying back it was found to have been 
seen iu 1786 by Messier —Le Furet des OomMes, by Miss Herschel in 1795, 

3 0 
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and by two or three observers in 1806; but it was so small and so difficult 
to be seen even with, telescopic aid, and the duration of its appearance was so 
brief, that the only wonder is that it did not remain unnoticed in the heavens. 

The whole astronomical world hailed with the greatest delight the discovery 
of a comet of short period, one so very short as to keep the body constantly 
within, and far within, our planetary region, thus bringing it frequently to 
our view, instead of driving it to such distant regions beyond, as to load some 
men to think that the other focus of the orbit must be formed by some sfar, 
or remote sun. But, though it might be interesting, we can neither lug in the 
argument, nor the question as to the rare elastic ethereal medium diffused 
through universal space (which its frequently observed returns somewhat 
countenance, to the great joy of the undulatory theorists), on the shoulders 
merely of a drawing of the physical appearance of the now well-known vagrant. 

But, referring to the inference given in the Oyde, (I. pages 251-3,) how¬ 
ever anomalous it may seem to the motions of the bodies of the solar system, 
the alarming circumstance has been further disclosed, and become an all but 
indisputable fact, that Encke’s periodio time actually does undergo a slow, 
gradual, and apparently regular decrease, indicating a consequence of the gravest 
physical importance. After the known perturbations, and all other disturbing 
causes, have been discussed and equated, the effect of resistance is cloaily per¬ 
ceptible ; and, though that effect has been considerably eliminated and reduced 
by the skilful labours of geometers, it is rendered thereby more conspicuous. 
In a word, it may be stated that the comet’s period between 1786 and 1795 
was 1208J days, but in 1852 it was found to be only 1204 days; so that its 
path must be a sort of elliptical spiral line continually winding inwards to 
the centre, the successive coils of which are very close together, every succes¬ 
sive revolution bringing the body nearer and nearer to the sun—^thus diminish¬ 
ing in velocity and revolving in less time. Now it is to be apprehended that 
a resisting medium, such as the luminiferous ether of the undulatory theorists, 
being converted from a hypothetical fluid into the real vera coma of physical 
agency, together with the opposition suffered from the denser ether around 



PROFBSSOB BNCKE’s COMET. 


379 


the sun, indicate that the system is not made to be eternal. To be sure phi¬ 
losophers are still at fault, and one of the stoic school asks, “What need we 
care about that ? ” But it is impossible for a contemplative mind to revert 
to the positive effect of such definite resistance without solicitude and awe; 
and we may venture to predict it will be woU pondered over before 600 
years shall have passed away. As the topic is stiU a tender one in certain 
quarters, we will wait a little. 

The same delicacy, however, and wish to confine ourselves to our own 
subject, will not prevent an allusion to the contraction observed in the size of 
the body of the comet on approaching the sun: for with this is ultimately boimd 
up all and every change and characteristic in the wanderers. Hevelius had 
first of all noticed that comets (large ones, of course, visible to the naked 
eye) contrasted in size on approach to the sun, and moe versd; but the ob¬ 
servation was strangely overlooked, and precisely the contrary opinion gained 
ground. At length, a few years ago, M. Valz pointed out that Encke’s comet 
regularly contracted in diminishing its perihelion distance; this contraction he 
attributed to the pressure of the dense ether in the neighbourhood of the 
sun. This cause Sir John Herschel showed to be insufficient, and he 
supplied a bettor, but here the matter stopped; and, so far from applying the 
same theory to large comets, the contrary law was stiU supposed to obtain 
with thorn; they wore considered to “ throw ” or “ shoot ” out their tails in 
approaching the sun; and to retract them, if not to lose them altogether, on 
leaving him; thereby proviag them to be an entirely difCeront genus to the 
small and tail-less comets. 

More exact observation, however, aided by the fortunate appearance of 
so extreme a comet as that of 1843, and a calmer consideration of the facts 
of the case, independently of any previous theoretical ideas, has shown that 
all comets decrease in size as they come to perihelion: that the length, of 
the comet varies in a certain proportion with the radius vector; that, conse¬ 
quently, in the case of a large one like that of 1843, with hardly any perihelion 

distance, it becomes at that part of its orbit, where it remains but for a moment, 

3 o2 
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SO very dense, as to be capable of being seen in tbe day-time, yet expands so 
rapidly after that, as to be soon lost sight of again even at night. In tho 
case, however, of a comet like Encke’s, small in itself and with little cxoontricity, 
it never experiences much concentration of substance, and therefore never 
becomes particularly bright: and here, with due deference, I must lodge a dissent 
from a friend’s statement respecting its being of a tawny tint, or fawn colour; 
for the effects of gaslight on the observer’s retina, and those of atmospheric 
media on the object, were assuredly in the instance here alluded to—and stoutly 
insisted upon—not duly considered. 

That comets’ tails should have been supposed to be produced at poribolion, 
seems only to be attributed to their becoming then more visible than at other 
times; they are then nearer to us, and hence seen under a larger angle; they are 
closer to the sun, and consequently illuminated with a stronger light; and 
thirdly, they are then more dense, and therefore capable of reflecting greater 
light. Partly, perhaps, also owing to the quickness of tbe comet’s motion at 
perihelion, by which it is transferred in twenty-four hours from the daylight 
part of the sky to the night: and thus a tafl. before existing but not seen 
by reason of the light back-ground, is said, when seen brightly on tho 
night-sky, to have been suddenly shot out there; for, be it remembered, no one 
ever pretends to have seen it shooting forth. 

Again, as to the phenomena of the form of a tail, as far as such an 
Hi-defined shape is concerned, this is pretty dearly proved by the comet of 
1843 to he an affnir of phase-; and there is strong reason to bdievo that every 
comet is a complete elliptical figure, with the nucleus in the focus nearest to the 
srm. The phase becomes strongest, or the tail-appearance most manifest, in 
large and dense comets, and least in small and diffuse ones, or in those which 
may be concentrated within a very small space when their perihelion distance 
is very small. But this is not exactly the place to explain the whole range 
of phenomena; it must suffice to point to our figure of Encke’s comet. Its small¬ 
ness, together with its diffnseness and little excentricity, causes the illuminating 
rays of the sun to strike upon it, and be reflected back to us with almost equal 
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intensity from every part (independently, of course, of any inherent and proper 
form in each portion to reflect light as from, greater or less density): here, there¬ 
fore, we see the whole body of the comet; namely, an oval vaponrous mass 
equally diffuse on every side, and most condensed about one focus, which is 
ever that nearest to the sun. 

We will now give the elements of our comet, as well those which M. Encke 
obtained from a masterly discussion of the earlier observations, as those of the 
verified returns:— 


Date of rorlhollon Fossago. 

Longitude of 
Perlliollon. 

Ascending 

Nude. 

TncUnation. 

Perlliellon 

DlHiance. 

Excontrlclty. 

1780, January 80’9 , 



O / 

156 38 

0 f 

334 8 

0 / 

13 30 

0*834 

■ Ill 

1705, Docembor 21*4 . 



156 41 

334 89 

13 42 

0-384 


1806, November 21-6 . 



150 47 


13 33 

0*340 


1819, January 27*1 . 



156 50 

334 83 

13 37 

0*336 


1822, May 23-9 . 



167 12 

334 26 

13 20 

0-346 


1825, Septombor 16*2 . 



157 14 

334 27 

13 21 

0*345 


1820, January 9*3 , 



167 18 


13 21 

0*346 


1832, May 3'0 . 



167 21 


13 22 

0*343 


1835, August 26*2 , 



167 23 

334 36 

13 21 

0*344 


1838, Doooiubor 19*0 , 



167 27 

334 37 

13 21 

0-344 


1842, April 12*0 . 



167 29 


18 20 

0*346 

!^| 

1846, August 9*4 , 



167 ii 


13 8 

0*838 

0-847 

1848, Novombor 20*1 . 



167 47 


13 9 

0-337 


1862, March 14*4 . 



167 61 

334 23 

13 8 

0*337' 


1865, July 1*3 . 



157 63 

334 26 

13 8 

0*346 

0-847 

1858, October 18*6 . 



167 60 

334 28 

13 4 

0*346 

0-840 


Erom which it is seen that the motion is direct, with an aphelion distance of 
about 390,000,000 English miles, a perihelion distance of upwards of 32,000,000 
miles, and a period of revolution amounting to only 3‘296 years. Eriend Arago, 
with a bias not at all unusual to him, has laboured to assign its discovery to 
Pons, and the finding of its periodicity to Bouvard’s parabolic elements; but 
without impinging on the high merits of both the Observer and the Computer, 
we may remind the reader that no parabolic orbit could represent the observa¬ 
tions within the limit of error, and it is incontestable that the rigorous and 
laborious investigation of Encke led to the first detection of a comet of short 
period—and that it had been noted previously to 1818. 

The representation on the copper-plate attempts to give the comet just as seen 
in the telescope, with the view of rendering every one who has the drawing in 
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possession, to be as well circumstanced for judging of the phenomena as tliosti 
who saw the comet on the night in question. But, nevertheless, the representa¬ 
tion falls much too short of what an astronomical drawing should ho, of which 
the necessary accompaniments ought to he—statements of the probable error of 
the magnitude and brightness of each part. This, however, cannot be attempted 
in the present bdckward state of this branch of astronomy; but the more 
backward it is, and the more it is neglected by others, the more room for some 
one to distinguish himself, and perform real good work, in adding to the general 
stock of astronomical knowledge. Cometography being necessarily joined with 
the determination of the magnitudes and colours of the stars, I cannot but again 
recommend both it and them: and we will close this chapter with the com¬ 
parative diameters of the heads of four remarkable comets, having the earth and 
the moon’s orbit around it, introduced as a scale— 






CHAPTER X 


THE METEOROLOGICAL DEPARTMENT. 

Pour reglor nos travaux, pour marquer los aoisons, 

L’art divisa du cicl les vastes regions. 

SoLEiL, amc du mondc 1 Oc4an do lumierc! 

Douzc astres difflSrcnts partagcnt ta carri&re. 

De Lille. 

If tlie reader -who may have accompanied na thus far, will kindly refer to the 
evidence of solar influence alluded to in pages 26 to 32 of this work, he will per¬ 
ceive that we have arrived at the conclusion that all, or nearly aU, the changes 
which now take place at the surface of our globe, are due, whatever modification 
may he assumed, to the emanations and actions of the sun. The proximity 
of the moon, too, renders her also a predominant cause; and as by their forces 
unequally exerted over its surface they raise the tides in the ocean, so they must 
likewise agitate the atmosphere with a correspondmg reciprocation. Electricity, 
magnetism, light, galvanisni, heat, and all their affinities, have doubtless a 
common source; and when that source shall be propounded by some master¬ 
mind—another Newton, and the alternating periods of fine and foul weather 
experienced in every part of the known world come to be ascertained, we may know 
something about Meteorology. Could we unravel the intricate maze, we might 
trace the true alternating agent of each distinct motive action affecting the 
atmospherical tides, and hence deduce the tdtimate effect on the weather as 
arising and driven by the compound operation. Much of the regular or periodic 



384 


SPBOULTTM HABTWELLIANUM. 


winds, aad a large share of the aqueous circulation, obviously result from solar 
action, in combiuation with the earth’s rotation on its axis; and many a minor 
consequence is easily accounted for by local peculiarities. Herein hypothesis and 
fancy offer warm enticements to speculation; but to acquire a proper knowledge 
of, and a mastery of the subject, still demands the strenuous and continued aid 
both of theory and practice, for, so to speak, we absolutely know but little as yet. 
Still the barrier to a better acquaintance with tfiuo-iy is assailable, since she scorns 
to keep no secrets hidden from resolute inquiry: but the searcher after truth must 
never forget the Newtonian axiom—“ No more causes are to be admitted for the 
explanation of any phenomenon, or class of phenomena, than are tnio and 
sufficient.” Astronomy, chemistry, and geology have surmounted many for¬ 
midable and apparently impracticable impediments; and who can give an opinion 
as to what meteorology may accomplish before a century hence— 

Nature well knovm, no prodigies remain, 

Comets are regular, and the tides arc plain I 

My late esteemed Mend, John Frederick Daniell, who expired on duty in 
the Council-room of the Eoyal Society, observed that “ Man may with pro¬ 
priety bo said to be a meteorologist by nature;” because watching the 
atmospheric vicissitudes, on which he is so dependent not only for his comfort, 
but even for his subsistence, is a necessary portion of the labour to which he 
is born. Investigating the weather is but studying the conditions and varia¬ 
tions of the air, as influenced by the elements of rest and .motion, wind and 
heat and cold, moisture and drought, together with other similar par¬ 
ticulars: still the study is to the philosopher one of interest and delight—to 
the observer of nature it affords objects of grandeur and sublimity—^to the farmer, 
the florist, the traveller, and the physician, it is in some measure a study of neces¬ 
sity—to the seaman it is yet more especially and urgently important—^being a 
sworn auxiliary to navigation. But, though these phenomena—the vital stimuli 
of organized beings—have consequently occupied the attention of aU classes of the 
community from the earhest ages, it is in comparatively recent times that the 
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inquiries of Redfield, Eieid, Dove, Maury, Espy, and others, show that, capricious 
as the weather appears to be, it is nevertheless certain that it observes laws as 
stable and constant as those that govern all other natural phenomena. 

The actual science of meteorology, however, has languished for want of the 
spirited and pointed aid which is given to other branches of physical inquiry 
by associated bodies of votaries. Many valuable registers were kept of which 
the mere numerical mean values were known, while others were entirely lost 
from want of being classified and reduced. It therefore struck a few amateurs 
that, in order to secure the advantages of arrangement, publication, and well- 
concerted combination, an express association ought to be formed; and accord- 
0^ i'll® of April, 1860, a meeting of some Mends of the science was 
convened by Dr. Lee at Hartwell; where, in the library, they agreed upon a 
general system of observation, uniformity of registry, systematic communica¬ 
tion, and other measures for insuring precision to the advancement of the 
aero-statical branch of physics. At this decisive meeting, the gentlemen pre¬ 
sent elected Samuel Charles Wliitbread, Esq. of Oardington, near Bedford, as 
their President, appointed an efficient Council to carry out regulations, and thus 
established the present British Meteorological Society. The aim and principal 
objects contemplated were thus enumerated:— 

1. A coUecitioii of corroct manuscript observations. 

2 . The publication of tables to be used in calculations. 

3. 1'hc reduction of observations to useful results. 

4. A collection of all obBcrvations of the same phenomena. 

5. The formation of a repository to which observers may consign the results of their labtairs. 

6. The distribution of meteorological papers. 

7. The examination and correction of meteorological instruments. 

8. riio encouragement and promotion of meteorological science. ^ 

On many points of this paramount inquiry, it must be confessed that 
experience has anticipated theory; and intelligent diligence—without which 
no useful knowledge can be rendered effective—has still to detect the art which 
Nature uses in governing the physical forces and complicated alternations of 
Meteorology. Yet the general bearing of the local climate is pretty well 
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approximated by the weather-records which Dr. Lee has had regularly kept 
since 1829 to the present time: from which, and from the many observations I 
have been enabled to make, and direct to be made, in numerous visits during 
each of the elapsed years, some tolerable conclusions may be drawn. My re¬ 
marks here, however, will principally relate to a group of ten years; lor the 
highly improved scheme of register introduced lately by Mr. G-laisher, of the 
Greenwich Observatory, will no doubt form a future feature of the HartwcU 
climatology. Prom the data already collected, it is seen that the usual annual 
extremes of weather take place in January and July; but that certain con¬ 
ditions of wind, and other atmospheric phenomena, occasion interruptions, so 
that the greatest cold may occur in a range between December and March. 
In rapidly wading through the recorded columns, the prevalent winds api)car 
to be those from W.S.'W. to S.S.W., and the E.N.E. wind is the coldest in 
spring. The most intense heat happens during settled weather and south¬ 
easterly winds in the summer, the maximum of the thermomotor occurring 
between 1 and 2 p.m., and the minimum just before sunrise. This may bo 
further illustrated, by submitting the general annual mean carefully derived 
from the average monthly results of the register for 1837; a year in which 
I had occasion to pay a marked attention to the details, in order to compare 
them with a summary of those observed at Oxford and Bedford; and moreover 
it was a year remarkable for the establishment of simultaneous magnetic observa¬ 
tions over the globe—to the which I was an earnest though humble accossoiy. 
In tbiR attempt two barometers were usually noted, but the reliance was upon 
one supplied by Mr. Thomas Jones, of Charing Cross, for the observatory—the 
cistern of which is about 400 feet above the level of the sea; and the prin¬ 
cipal thermometer is the self-registering one of Mr. James Six, as described in 
the Philosophical Transactions for 1782. There were three hygrometers, but 
that selected for the comparison in hand was smular to that by which I 
obtained the dew-point at Bedford; it was made with twisted filaments of the 
andropogon contortwm, a grass of extreme sensibility, brought from India by 
my friend the late Captain Henry Kater (Cycle I. page 346). The indications of 
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this were shown hy an. index graduated to one thousand parts, from immersion 
in unslacked lime to saturation in moisture; and these parts were afterwards 
reduced to degrees of a circle and tenths, whence the dew-point was approxi¬ 
mately deduced. During 1837, there fell 22‘81 inches of rain; and the pre¬ 
dominant winds were S-W., S.E., N.E., and West, the least prevalent being 
the South. This is the general summary through that year: — 



Maje. 

Min. 

Med. 


Inches. 

Inches. 

Inohoa, 

Btiromcter . , 

. 29-92 

29-02 

29-47 

Extremes 

. 30-41 

28-30 


Tlicrmouietcr . 

. 60°-7 

41°-8 

' 610-25 

Extremes 

. 81-4 

20-6 


Hygrometer 

. 70-80 

48-4 

59-6 

Dew-point 

. 65'6 

37-0 



In the year 1839, the east and west winds, with currents from tlieir sub¬ 
ordinate rhumbs, were the most frequent that blew, as if alternately condensing 
and dissipating the weather-waves. The quantity of rain which fell was to 
the amount of 27'30 inches; a fall of one inch over an acre of land being 
nearly 23,000 gallons. The average pressure of the atmosphere for that year 
was 29-97; and the mean temperature was 49“-lB—being 46“-13 for the 
spring, 61-11 for the summer, 60®-37 for autumn, and 39-01 for the winter; 
the several subdivisions being— 


Januiiry . 

. . .38°-49 

July .... 62°-65 

February 

. . 38°-92 

August . . 61°*49 

March . . 

. . 400-05 

September 57°*74 

April . . 

. . 47°-13 

October . . 52°-16 

May . . . 

. . 610-20 

November . 41°'22 

Juno . . . 

. . 59“-18 

December . 39°*63, 


I may here state, although perhaps it is barely necessary, that by tlu-i 
seasons above given, the common division is meant; namely—imder Speinq, the 
months of March, April, and May; under Stjmmee, those of June, July, and 
August; the Atjttjmn consists of September, October, and November; and 
the WiNTEE is during December, January, and Eebruary. The transitions of 

the seasons, the alternations of day and night, tbe changes of old and new 
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years, and other physical movements pertaining to the laws of nature, form a 
counterpart or image of the vicissitudes of human life. Hence the wind up 
of Thomson,— 

Beliold, fond man 1 

See here thy pictur’d life; pass some few years. 

Thy flowering Spring, thy Summer’s ardent strength, 

Thy sober Autumn fading into age, 

And pole concluding Winter comes at last. 

And shuts the scene. 

Still, where content exists, whiter has its amenities. Thus Cowper — 

Now stir the fire, and close the shutters fust. 

Let fall the ourtains, wheel the sofa round, 

And while the bubbling and loud hissing um 
Throws up a steamy column, and the cups 
Hiat cheer but not inebriate, wait on each. 

So let us welcome Winter's cv’ning in. 

Among the phenomena noted at Hartwell, I crave admission for ono on 
account of its affording a plea for a preposterous vision of the mediaeval sagos, 
and thereby relieving them from the grave charge of prepense fraud. On tlio 
23rd of March, 1863, a very remarkable lunar halo and paraselene were seen 
from 7’" 8“ p.m. to 8>> 16“, attaining its maximum brilliance at T'' 40“, when 
the two mock moons were remarkably bright, and of various colours. Tlio 
paraselene on the east of the moon was of a uniform whitish colour slightly 
tinged with orange—that on the west exhibited decided prismatic hues, being 
blueish towards the moon, and a reddish yellow on the opposite side—while 
the large halo was nearly circular, and its diameter measured about 62° from 
east to west, the semi-diameter being equal to the apparent distance between 
■»] and @ Urs® Majoris. At this time the evening was very fine, with light airs 
from the N.N.E. quarter—the barometer being 29’36 inches, and the ther¬ 
mometer 31°. The following accurate engraving of it is reduced from a largo 
drawing made by the ingenious Mons. E. V. Easel, who watched the commence¬ 
ment, progress, and dissipation of the pageant, from the vicarage at Stone— 
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Sir John Herschel has remarked that very strange things were seen in 
the heavens before telescopes came into use; and that optical invention did 
not dissipate them, I have shown in the Cycle, (II. page 228,) where I have 
exhibited the mdariwm of S. Veronica as seen by Padre Do E/hoita, with his 
binocular spy-glass. Now the sagos of the Nuremhevg Chronicle assure us 
(fol. CCIII. 5), that in the year 1160 A.D., after the Emperor Erederick— 
cognomenlo Ba/rbarossa —had carried fire and sword into Lombardy, “ with the 
valour of a soldier and the cruelty of a tyrant,” there wore seen, for about two 
hours on the 9th of September, while the sun was in the west, three human 
faces on its disc before it set. In a similar way, in the beginning of the year, 
three moons appeared with a holy cross in the midst; which “visions were 
interpreted to indicate groat discords among the Cardinals in electing a Pope.” 
There were also many cities shaken and people killed by earthquakes during 
those unhappy schisms. This is a copy of the representation given in that 



390 


SPBOtfLTJM HABTWBLLIAinjM. 


portly tome, and the good-natured reader will make allowance for the ignorance, 
superstition, and troubles of the time— 



Human faces were no doubt seen aloft from Plutarch’s days to those of 
Barbarossa and the contending Popes, when the above phenomenon appeared; 
and the pleasing hallucination lingered through the dark ages, to the no small 
profit of the astrological seers who preyed on the ignorant. More than four 
hundred years after Barbarossa had been gathered to his fathers, the same 
impression regarding parhelia obtained; and we can produce a still better 
representation of one than the Nuremberg sages could procure for their xylo- 
grapher. In the third voyage by the Hutch to find Cathay and China, undci 
the leadership, though not command, of that persevering and detemained navi¬ 
gator WiUem Barentsz, who was rated chief pilot {opperste siuerman) to 
Jacob von Heemskerck, a noble who was not a seaman, we find such an inci¬ 
dent recorded. While the two ships forming the expedition were battling 
among the haunts of sea-horses, and “ cruel big bears,” they suddenly saw 
a wonderful sight in the sky, or rather sign in the heavens {Mn wonderlifek 
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liemel-teijcken), whicli was reasonably enough described by Be Veer, an eye¬ 
witness, whose narrative was translated by William Philip, at the mtreaty 
of Eichard Hackluyt, in 1609. The passage in question is thus rendered— 
“The fourth of June, 1696. And when the sunne was about south-south¬ 
east (s p. 9, A.M.) wee saw a strange sight in the element: for on each side 
of the sunne there was another sunne, and two raine-bowes that past cleane 
through the three sunnes, and then two raine-bowes more, the one compassing 
roimd about the sunnes, and the other crosse through the great rundlo (arc 
or circle of the larger rainbow); the great rundle standing with the utter¬ 
most point elevated above the horizon 28 degrees.” This is sufficiently 
simple and clear; but it is evident that the whole of the hardy crew did not 
use the narrator’s barnacles, for the following view of the spectacle is faithfully 
copied from the plate which illustrates the origiaal publication : and moreover 
there is the anachronism of a day in introducing the lumps of ice which 
arc floating about, for Gcrrit Be Veer expressly says—“The fifth of Juno 
wee sawe the first ice, which woe wondered at.” The reason of the wonder 
was, that a man walking the forecastle suddenly and loudly sung out that swans 
wore in sight—" which wee that were under hatches hearing, presently came up, 
and perceived that it was ice that came driving from the groat hoape, shewing 
like white swannos.” 
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Wliat has been above advanced, may be deemed to afford a tolerable view ol 
the climature of the place for the present j but, as before remarked, the iiuprovivl 
system of observation and registry of the weather introduced at Hartwell will 
inevitably yield results of a more accurate character. And the object is well 
worth pursuit; for, though certain branches of meteorology may long remain 
among the physical desiderata, yet much may be achieved respecting clouds, 
vapours, winds, thunder, lightning, hail, rain, ignes fatui, and other pevcj'.ptililo 
phenomena of the lower regions of the atmosphere, which cleanse the air—that 
means of health, invigorating the weak and refreshing the weary. CeuHidt'rabU' 
advance has already been made in inquiries as to the luminosity, toinpevaturc, 
gravity, moisture, and all the come-at-able agents of our cnvcloj)e; but thos<^ 
questions are so beset with difficulties, that our utmost knowledge in tlus l•(^s|)(^ct 
does not grasp sufidcient facts to reduce the various and uncertain pluuionu'iva io 
formal rule, or to establish anything like a certain theory. The zeal now excii’l cd, 
however, in various observatories, as evinced by many published and widely 
circulated registers, will, very shortly, set the long-prevalent fancy for the lunar 
cycle at rest, a belief by which the revolutions of the moon’s nodes arc to phuu^ 
everything exactly as it was nineteen years before. Chemistry and geology have- 
lately surmounted formidable impediments, and achieved wonders; and who dan* 
pronounce an opinion as to what meteorology may become, oven before the lapse 
of another century ? 

In the explanation of the earth-thermometer performances, given by inv sou 
C. P. Smyth, in the Xlth volume of the Edinburgh Astronomical ObHovvatious, 
he delivers his conclusion respecting the amount and probable ineonstmuy of the 
heat given off by the sxm, for which theory has no guarantee. Pour long ther¬ 
mometers were carefully inserted at different depths in places within the Obser- 
vatoiy inclosure on Oalton HiU, in 1836, by. Professors Eorbos and Henderson, 
with a view to the question of the proper temperature of our globe—of what i.s 
the thermometric effect of the whole solar heat which falls in a year on the 
surface of the earth—how much is transmitted to the interior—how nmcli 
dissipated at the surface—to what depth the influence of the seasons extends— 
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and in what manner that influence is modified at different depths. The 
registered observations, embracing a period from 1838 to 18B4 inclusive, were 
ably discussed by my son, who concluded a laborious investigation of all the 
official documents with this remarkable peroration:— 

Amidst many other remarkable features, one cannot but be struck, on inspecting the curves of 
the annual means, by the fact, that each of the four thermometers indicates on the whole a pro¬ 
gressive increase of the mean annual temperature from 1838—1854. 

What is the cause of this? If it be in the sun, the phenomenon is of the utmost importance, 
and demands continued and earnest attention. But does it arise from any slow alteration of the zero 
points of the thermometers? I have been assured by an eminent Cambridge author on the theory 
of heat, that there is no cause known likely to produce such a change; and there is also Professor 
J. D. Forbes* actual trial of one of the thermometers detailed at p. 229, tending to prove the same . 
position practically. There is, too, a happy feature in the curve of the 12-feet thermometer, whidi 
makes it probable, and a happier feature stiU in that of the 24-feet thermometer, which renders it 
quite certain, that the epoch of our commencement, viz. 1838, was precisely at the bottom of a wave 
of temperature with about a sexennial period, and of which there are consequently three, all most 
distinct, witliin our period, 1838—1854. 

Making, however, all due allowance for this circumstance, there sthl remains such a decided 
avcragci increase of each thermometer for the whole time, that there certainly must be either a change 
in the instruments siich as natural philosophers declare is altogether unhkely, but which it would be 
well that the Observatory had means for inquiring into; or, we have indications of the sexennial 
waves being but the periodical ripples of a larger secular wave in the development of solar light 
and heat; the summit of whicli wave may bring us years warmer than any that have been felt in 
our own days, and the bottom of it periods of cold in con-esponding severity. 

Hero is an interesting conclusion; for, although Meteorology as a contributor 
to folk-lore and weather wisdom has revealed no end of good items, it must be 
confessed tbat as a science she has as yet been so stubborn as to appear hope¬ 
lessly unapproachable. Still she evinces considerable sensibility under dexterous 
usage and reliable experiment: and it really appears that the “earth-thermo¬ 
meters here treated of have actually obtained a concession, however slight it 
may prove. The majority of EngUsh meteorologists—as well as those of the 
continent—must weU remember that, from about the year 1842, we had a 
succession of cold humid springs and stormy summers, with very few exceptions, 
down to 1855 ; and that since the latter date to the present epoch, 1859, we have 
experienced four seasons more characteristic of central France than England— 
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indeed the season which has just passed may be even rated at a higher toiu])cra- 
true. From 1866 the Fahrenheit thermometer has reached 90® every sunnuor ; 
and, since 1867 inclusive, more than once. But in 1868 and 1869, I not(Ml that 
it really and fairly attained to 94°, the instrument being in the shade. In a word, 
within the period thus named we have experienced, the hottest sumincns, the 
hottest months, and the hottest days hitherto recorded by proper moans; and to 
this the agricultural, floral, and horticultm’al worlds have all and Hoverully 
borne unquestionable evidence. Weigh this weU, and think I 

It will readily be admitted, that much has been done towards investigating 
, the constitution of our envelope and its extent, as well as that human iiitcllig(;u(!(^ 
has long been occupied upon some of the physical forces concerned in atino-spluMio 
phenomena: but a correctly true knowledge of the habitudes of tho pcwmaiunitly 
elastic fluid, is still a most stringent desideratum—one requiring wide co-(>p(u*a- 
tion, and a full application of zeal and perseverance. We must here, howiiver, 
quit this, and return to our more local subject. 

The meteorological department at Hartwell has been placed uiuhsr il>c (um*. 
and diligent registry of Mr. Samuel Horton, who for some years past has fur¬ 
nished observations to the Begistrar General of Births, Heaths, and IVl arri.iges, 
for publication in his ofidcial returns. An improved system of ol).serving and 
recording the various atmospheric phenomena has been introduced lu'.ro by M.r. 
James Glaisher, F.Bi.S. of the Royal Observatory at Greenwich; and the in¬ 
struments now relied upon are as follows 

I. Ihe Baeometer is a standard one, made by Barrow imder tlic auporiiitcndcnce of Mr. 
Glaisher. ^ It is of brass throughout; the scale is divided to 0i“-005, and toruiinalc'.s in u conical 
pomt of ivory, which in observation is made to touch the surface of tho mercury in tlic cistern, 
and the contact is very readily seen by the reflected and the actual point appearing just to ima-t 
each othCT. The vernier subdivides tlie scale divisions to Oin-002; it is niovc<l by its nick iind 
pinion, till the ray of light passing under the back and front ports of tlic smi-cylindrical plate 
carried by the vernier appears jnst to touch the convex surface of the mercury in the tube. 

The tube is Oin .32 in diameter, the mercury has been boiled within it; the correction for tho 
effect of capillary attraction is therefore 0i“-013 to he applied addiUonally. The cistern is ol’ gluss. 
This mstrument is recorded every day at 9 a.m. and at 3 p.m. At tho top of the instrumeut arc three 
screws, turning m the fixed part of the support for adjustment to vertioality: and the readings of 



THE MBTEOROLOGHCAL DEPARTMENT. 


396 


tlic buToTTictor arc all too low by 0‘*^’002, as determined by Mr. Glaisher. AH observations of this 
bojomotcr arc increased by 0i>^*013 for capillarity, and by 0^’“‘002 for inside error, and they are also 
corrected for the dilToronce of temperature of the mercury in the tube at the time of observation, 
from 32°, by the application of the corrections contained in the table for barometers whose scales are 
engraved upon brass reaching Irom the level of the mercury to the vernier. In practice one 
correction only is needed, a special table having been formed based upon the three necessary 
corrections. 

JI. The Duy Bulb Tiiermometee is mercurial; its scale is divided to 1°, Its Index errors 
have been detennined by Mr. Glaisher. This instrument is read every day at 9 a.m and 3 p.m. 

II. The Wet Bulb Thermometer is mercurial; its scale is divided to 1°. It index errors 
have been determined by Mr. Glaisher. The bulb is covered with a piece of fine muslin, and near 
to it, but distant Irom the (by bulb thermometer, is placed a small cistern of rain or distilled water. 
A piece of cotton lamp-wick is connected with the muslin, and its end dips into llie cistern of water; 
tlie water by capillary action ascends, and keeps the muslin on the thermometer constantly wet. 
This instrument is read every day at 9 A.M. and at 3 p.m. 

JV. The Maximum and Minimum Thermometers. The self-registering thermometer for 
maximum temperature of ilie air is mercurial, with a transparent bulb; its m(iex is a piece of blue 
at(!el wire. Its scale is divided on box-wood to 1°* This instrument is read every morning at 9 A.M. 

V. llie Minimum Thermometer. The self-registering thermometer for minimum tempera¬ 
ture of th(i air is of alcohol, wkh a transparent bulb; its index is glass, with a knob at each end. 
Its scale is divided on box-wood to 1°. This instrument is read every day at 9 a.m. 

POHITION OP THE THERMOMETERS. At the distance of 58*5 feet south of tlie house, and on 
a grasH-plot is fixed a post, wliich carries a revolving frame, similar in its construction in every 
vesjx'ct with that at the Eoyal Observatory at Greenwich. This frame consists of a board four 
feet one inch and a half wide at the base, and of another board one foot eight inches high, connected 
with oiu^ cjdge of the horizontal board, and projecting upwards; and of two parallel inclined boards 
sc})aniUicl from each other by three inches, meeting the other edge of the horizontal boai’d, and tlie 
top of the vertiiial board. Upon the face of the vertical board are placed all the thermometers in 
giich intinner that their bulbs project below the vertical board, and arc about four feet above the 
ground. Above them is placed a projecting roof, to protect them from the effects of radiation and 
rain. The frame is always tunied round after every observation, so that its inclined side is turned 
towards thci sun. 

VI. The Kain Gauge is a simple cylmdcr gauge, eight inches in diameter, and therefore 
having an area of 60*3 square inches. The height of the cylinder is thirteen inches and a half; 
at the tl(‘ptli of half an inch from the top, within the cylinder, is fixed a fimnel (an inverted cone) 
ol’ six inches perpendicular height: with the point of this funnel is connected a tube, one-eighth of 
an inch in diameter, and half an inch in length; a quarter of an inch of which is straight, and a 
quartt^r of an inch is bent upwards. By this arrangement, the last drop of water remains in the 
bent part of the tube. The upper part of the ftumel, or base of the cone, is made to touch the 
internal part of the cylinder all round, and it is believed that evaporation is totally prevented. The 
cylinder in sunk eight inches in the ground. The quantity of water thus collected is cai-efully read 
at the end of every month. 
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VII. In addition to these instruments, a standard thermometer is placed on the revolving stand; 
so that, in the event of an accident happening to the dry bulb thermometer, the scries of observa¬ 
tions would be continued unbroken; and duplicate instruments of aH kinds are kept for the same 
purpose, nearly the whole of which have been closely examined, and their several index-errors 
determined, by Mr. Glaisher. 

On every day from the observations at 9 AJi. and also from those taken at 3 p.m. tlio true 
length of the column of mercury supported by air, and that portion supported by water mingled 
with the air, are determined, as well as the true temperature of air, evaporation, and the dew 
point; the weight of a cubic foot of vapour, the additional amount of vapour required to saturate a 
cubic foot of air, the degree of humidity, and the weight in grains of a cubic foot of air under its 
then pressure, heat, and humidity, ore determined. AU these hygrometrical results being calculated 
by the use of Glai^er’s hygrometrical tables. 

The average monthly and quarterly values of all these elements are determined, and they are 
published quarterly in the Rcpoits of the Registrar General: and the whole of the instruments are 
frequently examined by Mr. Glaisher, who also examines all the meteorological work in progress. 

Since this establishment was carried out, a well-made anemometer has been 
added to the mechanical force thus enumerated, in the hope of contributing 
towards the requirements which areometry now demands, by approaching the 
determination of winds with accuracy, so as to strangle the absurd method of 
registering, for science, such inconstant quantities merely by our own feelings. 
Prom the long prevalence of this practice, and the absence of instrumental aid, 
little hitherto has been advanced for the true ascertainment of the actual 
strength and velocity of the air. The efforts of Wolfius, Leutmann, Brice, 
and others, have not answered; but Edgeworth’s miU principle, with the im- 
provements of Eobinson, Ostler, WheweU, Piazzi Smyth, and Harris, have 
lately brought anemometiy* out into the fair-way of knowledge. The Hart- 
well machine is at once simple and portable: it is furnished with four hemi¬ 
spherical oup-vanes, which give motion by an endless screw to a train of 
wheels and pinions showing the number of revolutions made, on Massey’s 
method with his well-known patent log. 


* The Chevalierde Sade, in hie » Tydologie," a work published in 1813, makes an angry predication of this 
W^SB term,_so expressive of its derivation. wind, and measure Les sav^^^^^^ 

rappelle tro^TvI^T^^^^ --1“^ 


Non, il n’est rien que Nanine n’honore.” 
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Auotlisr addition which. Dr. Dec has added to the meteorological battery 
is one of the best Aneroid barometers which the art of Negretti and Zambra 
can produce, upon M. Vidi’s principle of a metallic chamber partially exhausted; 
and a very beautiful—though not independent-instrument it is, for quickly 
indicating every variation of atmospheric gravitation, only that, even when at 
rest, the difference between it and the barometer gradually and irregularly 
increases, thereby denoting too high a pressure. The beauty and compactness 
of the Aneroid, aided by over-bearing advertisements, made it leap into favour 
per sallwm, insomuch that many were induced to substitute it for the mer¬ 
curial barometer; and this led me to examine it closely. The conviction 
arising from that scrutiny was so strong, that I warned travellers respecting 
its too hasty adoption from the chair of the Eoyal Geographical Society, at 
their Anniversary of 1861—being then the President; and the reader wiU find 
an extract from my Address in the Appendix to this volume. No. VI. But 
while I consider that for certain important scientific purposes this instrument 
was greatly overrated, and therefore mischievous, I readily admit that it is an 
admirable weather monitor, and remarkably well adapted for general nautical 
uses, because it is less sluggish than the marine barometer in its indications, 

and more ready to read under violent motion. 

A third additament consists in noticing the hues of test-tickets, or ozono¬ 


meters, which are strips of papers chemically prepared by Negretti and Zam¬ 
bra, of Hatton Garden, London, on Dr. Moffat's new formula, for the detection 
and strength of ozone in the atmosphere. This is a singular aerial principle 
discovered by Dr. Schonbein, who described it to me as an odour derived 
directly from electricity: but as to its actual presence, and effects, we have 
yet to multiply observations to a great extent, before hmts can be^ converted 
into certainties. The present manner of ascertaining whether it exists, is by 
putting a slip of the test-paper in a place freely exposed to the air, but protected 
from light and atmospheric currents; it is then compared with a prepared 
scale and registered, but the form can only as yet be deemed conventional, 
and the relative values of precarious ascertainment. The difficulty of theo- 
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rizing upon such scanty and delicate data ought not, however, to impede the 
contiauance of observing the facts. 

During eleven years of the time that I was employed in the Mediter¬ 
ranean, I carefully kept a very regular account of the fluctuations and goiuu*al 
state of the barometer, sympiesometer, thermometer, and hygrometer, with, 
of course, a due registry of the winds; and the conclusions I arrived at may 
be seen in my Memoir on that classic sea. In order to draw more attentioni 
to the subject than it had received iu some quarters, I wrote several papeuvs on 
Meteorology, and sent them in 1829 to the Dnited Service Journal—a sort of 
Naval official medium—to enforce attentionj besides which I fumisliod that 
periodical with a monthly return of the maxima and minima of the atmo¬ 
spheric pressure, the temperature, rain, evaporation, and winds, for upwards of 
another space of eleven years. In 1830, I urged the necessity of ils Ixung 
attended to in. our public observatories, in my account of the Bedford establish¬ 
ment read to the Meeting of the Astronomical Society; since which a wondt'.rJ'iil 
change for the better has actually taken place (see Cycle, I. p. 344). But, Ihougli 
thus earnest in the cause, I never contemplated that mere readings of graduatcKl 
scales, or watching the vagaries of a needle, should impinge upon the higher 
duties of astronomy, or claim anything approaching to equal rank. Tlicro can 
be little doubt but that great accuracy and value has been introduced of lal,(» by 
the system of simultaneous meteorology; and those who discuss hypotluiscs 
require the aid of intelligent observers of facts. But, while rondorinir diuj 
aeknowledgment to all true contributors to our further acquaintance, with 
weather-wisdom, we cannot recognize as belonging to that very usedid body 
those who merely clog us with indifferent records—to the dismay oi’ tlios(» 
on whom the task of discussion falls. It may be true that the iluctuations 
of our atmosphere are governed by definite laws, but these laws will not bo 
detected by such assistance. Then again, when we ponder on the rigliis lilcJicd 
from Urania by the photographic registration of passing aeiial phenomena, 
however ingenious its automic application, who but must regret the oxpcuuto 
in cash, time, and trouble occasioned by introdudng it into an astronomical 
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observatory ? Here, to say the least, it must inevitably damage the more 
important and integral power for carrying out the intentions for which the 
institution is founded—^unless indeed it may be at such a place as Greenwich, 
where there is, or can be, a sufB.cient force to allow hf divided work. But, after 
all, I have watched in vain for the photogenic process—involving a continual 
outlay in apparatus, chemicals, gas, and garniture—bringing to Ught a single fact 
which might not have been cheaper, and as accurately, done by the eye. Those 
bound folios of serrated botches now on the shelves of my diligent friend, not 100 
imles from here, are doomed to a moral dry-rot: we fear the process is mostly 
a mere fuss without business—“ great cry and little wool.” ’Tis but an 
ingenious philosophical toy at present. 

Meteorology is also cruelly impeded by the seers of weather almanacs, 
astrological annuals, and the like, who, enjoying an obHvious irresponsibility, 

very shamelessly propagate misleading nonsense; and 

“ A rousing wtid, at times to vend,” 

with their trash, have not scrupled to “nail’t wi’ ’’well-known and honoured names. 
Thus Halley was fraudulently made use of, Hook was constantly a scapegoat, 
and Newton liiTnaolF was not exempted: but the most pertinacious attack of this 
kind is, perhaps, the long-continued slander upon the late Sir "William Horschel. 
This meritorious philosopher, in common with all men of true knowledge, was 
well aware of the foUy of making weather-predictions under supposed lunar, 
comotary, and planetary influences, the which can never be recognized as being 
under the cognizance or tutelage of Astronomy. Yet some hungry wight ^relying 
on those who according to Solomon are infinite—drew up a prophetic table of 
metooro-astrological presages—or, rather, pirated it from the erudite Ownosiora 
et Selectiora Varianm Scientiarum Miscellanea of Martin Szent-Jvany. This 
sapient document, cooked afresh, was served up and widely circulated as a prepa¬ 
ration of Herschel’s; and it was as such eagerly received in numerous quarters 
despite of the indignant defendant’s exerting his utmost to contradict it in the 
pubUc newspapers. One of disavowals was inserted in the FUlosophical Magazme 
(vol. xxxiv. page 237), and is thus couched:— 
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“ Many of the public papers, for a length of time past, have occasionally ascribecl certnin pre¬ 
dictions of the state of Ihe weather to me; and several of them have lately gone so fur as nctntilly to 
prefix my name to what they have called a ‘‘Weather Table,’ in which, according to ccrtuiii changOB 
of the moon, wind, rain, snow, fi:ost, &o., are prognosticated. Such a table, by some misLukc, ban 
even been very lately inserted into'a very respectable philosophical magazine. lu justice to niysidf, 
therefore, I think it highly necessary that the public should bo undeceived, by inydeolaving that tlui 
table pretended to be of my construction, as well as every prognostication of the stale of the weather 
that has appeared in the newspapers, as ascribed to me, are all gross impositions. 

“ William IIerbciixol. 

“ SlmigJi, near Windsor, Sepi. 16, 1809." 


Now any person would have thought this honest statement would have 
proved a sufficient vindication and caution; but no, the weed had taken root, and, 
like the recent portentous treatise called "Vestiges oe Cheation, it was rc'jicatcd 
ad nameam. Even now there lies before me the actual letter which that griuit 
astronomer wrote, five years after the above one, to lUEr, lioigh, the emiuent 
publisher; and from this the annexed plate is copied ^erfaot%m simile. 

All efforts to suppress or even abate the nuisance were unavailing, for the 
divination was copied and re-copied in every direction; and oven the si aid 
editor of the Naval Chronicle was imposed upon to buy and insert it, as Laving 
been constructed by a naval officer (XXV. page 328), the work of » many years 
actual observation, from a philosophical consideration of the attraction of the 
Sun and Moon in their several positions respecting the Earth. Its object is to 
indicate, on a simple inspection, what sort of weather is likely to succeed, 
according to the changes of the Moon, either in the summer or winter. Our 

correspondent informs us, that it is so generaUy correct as seldom to have been 
known to fail.” Laud we the Gods! 

During the Murphy weather-mania. Sir "William was again dragged out 
mto print, on which I sent the above-cited denial to my friend M'ajor Olcrke, 
editor of the United Service Journal, wherein it was inserted (Part I. of 183C,’ 
pages 102-4), for the edification of all the anti-Newtonians afloat, and as a 
warning to the better inclined. That error which proceeds from an invo¬ 
luntary deviation from truth is easily dealt with; but error prepense is a wily 
serpen , qmck in gliding about, and difficult to strangle even when caught; 
for, after all the exposure above given, I was told lately by a scion of the addle- 
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licadcd scliool—” I fitid Herschel’s rules on the weather always coi’rect. But 
there is no of the matter—^in Beeemher 1841, Sir John llerschel himself was 
eompeUed to take Jhe field and write a missive to the editor of the Vknna 
Hconomieal Calendar, in these ternis : — 

It is BiTigulax liow greatly pri'vult'iit tlic o])iiiioii is, that both my fiitbor find myself have advo¬ 
cated the idea of the Moon’s inHiunice oia the weather, and published predictions and weather 
tables founded on such presumed inlluence. But there is not the shadow of foundaliim lor any such 
idea; on the contrary, all possible piiinshavc lieen tikeu on tlie ]iart both of him aud mysoU to 
disavow and disclaim ull such pretended tables aud predictions, ’fhe only way in which 1 have ever 
connected the Moon and the weather is by a casual remark, that 1 very frequently observed n full 
or nearly full Moon (i. c. sensibly round) to be accompanied with a sky serene and cloudless, or 
nearly so, at or within an hour or two after its rising, so often, indeed, that, though I do not pre¬ 
tend to SCO any rational connection, 1 cannot help thinking that there is something beyond accident 
in it, and have therefore rccoininondod it to meteorologists as wortliy of some notice for the future. 
—(See ante, pages 69-60 of this volume.) 

Surely such pertinacity in a wrong cause must originate in tho unwhole¬ 
some weakness alluded to in tho Cycle, (I. pages 21-4,) for otherwise the heUef 
in astral inftucncos is unaccountable. The erudite divulgation there mentioned, 
Zaukiei., is already advertised for 1860; and the intoUigont public arc informed 
that it will ap])car, “ With a largo Hieroglyphic of a warlike description, the 
Nativity of Louis Napoleon for some years to come, &c.” Assuredly such inane 
and damaging crudities arc unworthy of tho age which so boastfully glorifies 
itself before all others as having achieved a very wondrous march in intellect, aud 
ought not to find a single roador who is capable of gazing upward—- who 
alone of all creatures escapes tho doom of continually facing the earth 

Pronaf[uo ciiin Bpcciciil aiiirnfilin caitcra terram, 

Ofl liomini siiblimc cli'dit, ccdiimqtiu iueri 
Juasit, ct crectos ad sidera tollcrc vultua. 

In tho outset of science, tlio fluctuations that occur iu tho lower atmos])here 
might seem to depend on the motion of the planets, which are ever shifting their 
bertha; stellar influence pervadod the meteorological creed of the vulgar. 
But surely the truths of astronomy, together with the results of philosophical 
inquiries iuto the constitution of the globe’s elastic envelope, should deal a coup 
de grdee to such hap-hazard notions and frivolous absurdities. 

3 r 
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Heius closes oup mite towards the grand fund for exploring and explaining 
some of the more palpable mysteries of the skies, usually included under the 
sage category—secrets of nature. The probing into these may, for a long time! 
to come, be restricted to the collecting of facts hei*cafter to bo connocted witii 
physical laws demonstrating their structm’o and arrangement, and proving 
throughout tho wondrous adaptation of means to their ends. Assuredly tins 
object of investigation is supremely glorious, and rich is the luirvcst Avhich 
yet awaits the precise observer, wlio, fully alive to tho marvellous scones aroAind 
him, is prudently callous to tho delusive theories of rabid enthusiasm. 

The Oyclo of Celestial Objects, my former astronomical work, sulRcicMvily 
exi)lains what the Bedford Observatory was; and tho present vohime, it is 
hoped, shows the rise, condition, and prospects of that of Hartwell—ilui last 
being, so to speak, a pot fondling of tho former. Several other oirsets ol’ ilu* 
same stock have also attained maturity, and may success attend them, for it is 
honourable to England that she has taken tho load of the world in tliesii praisis- 
worthy private establishments; tho wMch, while they act mildly ns an iuciteiiK'nt 
to our public observatories, are each lUcoly to polish some particular scii’utilic 
gem for tlio accretion of mental perception. Moreover, besides the ])osltivo 
utility of making, reducing, and discussuig heavenly observations, sur<‘ly 
nothing can contribute more to tho elevation of thoughtful reasoning, ami thc! 
intellectual intelligence of man, than the contemplation of tho woirders revealed 
by the Omnipoi’bnt ; albeit our perceptions can only triwio by faint shadowings 
the vastness of Ms power and glory. Much is certainly now known; but 
higher views are iu all probability attainablo, if tho various ramilicatious of 
knowledge are perseveringly and properly pursued: for it is, in tho present day, 
stiU more obvious than it could have been to Pope, that— 
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All nature is but art unknown to thee; 

All chance, direction which thou canst not see; 

All discord, harmony not understood; 

All partial evil, universal good. 

And now, stndions reader, gaze attentively on the appended means of 
comparing the several bodies of our own system only reflect on all 
tigated phenomena which gravitation, controlling the like laws from Mercury to 
Neptune, has produced on their forms and motions by mutual actions on each 
other-and then boldly ask, What human mind dare limit the mechanism, or 
scan tlie design, of the material universe ? 



Mars. Earth. 
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STORY OF THE NEW PLANET, NEPTUNE. 

{Referred to in page 86.) 

“Whtitiftlie Sun 

Be centre to the world; and otlier stars, 

By Tiis attractive virtue and their own 
Incited, dance about liim various rounds? 

• Their wandering course now high, now low, then hid, 

Progressive, retrograde, or standing still. 

In six thou seest: and what if seventh to these 
The planet Earth, so stedfast though she seem, 

Insensibly three different motions move.” 

TiiUB sung Milton in tlie middle of llio seventeenth century, when Astronomcra were con¬ 
tented with six inimaiy planets, besides the hypothetical globe which was held by mankind to be 
the centre of the system: but since that period, no fewer than seven more of diosc revolvers have been 
detected, and ’tis a joint-stool to Cassiopca’s chair that others will still be found.* Thus tlie recent 
triumph of science in the i priori pointing out of such a body, because certain twitehmgs in the 
motions of Uranus indicated an exterior attraevtion, is an advent so unexampled as to form one of 
the most brilliant achiovoments of intellect ever recorded, and to raise prospects ol future hiu-vcsts. 

Its story must thcroforc be placed ou our pages. 

It wiU be recollected tliat Kepler, looking to the general harmony of the celestial spaces, and 
the obvious analogy which existed in the distances of the primary bodies li-orn the Sun, had already 
confidently predicted the discovery of a planet between Mars and Jupiter. Ihis notion, though 
not resulting from any known law of nature, seized upon men’s minds. Lambert considered another 
body as vitally necessary in the construction of the universe; and Bode, in 1772, found that some- 


* Between the time when this prediction was pubUshed (1847) and the present jeax (1859), no fewer than 
51 small planets have been added to our system! 
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tMng was required to make the table, which he had analogically constructed, accominodiitc itaoK'to 
the system.^ Theacti^ discovery of Uranus nine years afterwards aroused attention to the hypo- 
thetical subject; and m 1789 Baron de Zach confidently published, in the Berlin Almaniic for tluil 
year, the elements of the orbit of the yet undiscovered planet which ought to be found in tlio viuiiint 
space, making its assumed distance from the Sun 268 millionB of mhes, and its period 4 yearn and 9 
months. In 1800, an association of 24 astronomers was formed for prosecuting tire soarcli by oh- 
servmg every visible zodiacal star. After the discovery of Ceres in 1801, having nearly this very 
distance and period. Professor Bode communicated his celebrated cmpuicid law of the idanetary 
ay^m above ^uded to, to Baron de Zach. This simple law is so far a mere oxporuuent, that no 
mtional ground or physical theory can be adduced in ite favour, nor is it capable of mathematical 
demontotion; and yet it has had the proud triumph of achieving wonders in rc-spoet to tluj 
i^roid Wy, and has now formed the basis of the heliocenteic distance assumed f(»r the new 
e^enor planet. The scheme teaches, that the interval between the orbits of any two plunets is 
about twice as great as Ae inferior interval, and only half the superior one. In othcir wer<lH, tlu, 

XLt ^ geometrical series, of which tlu, common 

mt 10 IS 2. Now, if the radm^vector of Mercury is represented by 4, then that ol’ tlie other planetH 
wdl follow the annexed law of distance, increasing by 3x2 and its powers; and Uiis very in.^eniouH 
relation—whicli certainly lias proved helpful—is thus marshalled; ^ 


Mercury 
YeuTis 
Earth 
Mars 


4 

4 + 8 
4 + 3 X 21 
4 + 3 X 


T w 6- 

Ceres (as mean of Asteroids) 4 + 3 x 3^ 


Jupiter 
Saturn 
Uranus 
Neptune 
Sypothetic Planet . . 


4 + 8 X 3^ 
4 + 3 X 2‘> 
4 + 3 X 20 
4 + 8 X 27 
4 + 8 X 28 


= 4 
= 7 
= 10 
10 
28 
Q2 
100 
11)6 
388 
772 


though mathematically it has nroved in^va^vf + 1 , • . “wr systism: It.r 

T j . ^ provea inexact, the curious coutrivaiice wuh fnim/l u r i • i 

and ready use as the probable i i- . ^ ™ miwa to lie ol iiiiil(*rjal 

™. a™ 

« + b.- « . . 44.,,. + Sb, , 4 . 4 3..,. ^ 

would give; hut it must i rwlMted^t^rso^ tV 
certain httleitemsremaining for philosophy to pond« uZ“Se 
vxew of the few observations Htherto^aL.'^m' 

y oe imaor 32 of those rudii: but it should be 
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borne in mind that the empirical distance used led to the grand discovery vrluch we now treat of. 
At all events, the said distance is not so violently out, but that deeming it an utter failure is troppo 
duro; for, though in strictness it must bo said to liave miscarried, and is therefore thrown overboard, 
still it must be acknowledged that, unfurnished with this law, the astronomers and geometers who 
were rowing together, would have been at sea without a compass to steer by. It is said that Titiusi 
a Wittcmberg professor, gave Bode the first notion of the clever conjecture. 

Few of our readers are unacquainted with the empirical, though philosophical discovery of the 
Asteroids, as they were prepensely sought for in a region where, according to the best guesses, a 
planet ought to have existed; and where, upon a singularly strict and methodical scrutiny, four 
little planets were actually found—Ceres, Pallas, Juno, and Vesta which, fi:om several very re 
cciveable evidences, have been inferred to be mere splinters of a large body wHoh has undergone 
some tremendous catalysis. They all conform to the same order of distance—two of them with 
ahnost the same periodic times—but the orbits of aU of tliem, so fix as known, intersecting each 
other in a vciy unusual maimer. This is startling, seeing that every other distance on the scale of 
the Solar System gives but one primary orb, albeit there are satellites in four of the cases. Lagrange 
and Gibers thought that such ruin might be effected by a force with a velocity only 20 times that 
of a 24-pound shot on first leaving the mouth of a gun. From this great probabiHty of a ruined 
planet, it was considered that other fragments would still be occasionally picked up; and accord¬ 
ingly Herr Hcnckc, of Dricssen, in Prussia, on the 8th of December, 1845, discerned a fifth small 
iUitoroid belonging to die same group, which has received the name of Astrsea. 

Great, however, as was the triumph of mind and means which led to the discovery of the new 
planetary lamily, the finding of die Asteroids has just been so greatly transcended, that it must now 
occupy a secondary niche in the temple of Physical Asti-onomy. By methods dependmg on the 
furthest advance ever yet made in theoretical and practical thought and science, a new body of the 
Solar System has been brought to light; and, while the wondrous tidmgs are stdl rmging m our 
eai-H, a lew wmxls may bo acceptable, even though we may perchance pay out a little stray bne. 

Tlic doctrine and admhably successful application of malhematical analysis to the profound 
study of celestial phenomena, have opened and maW the perfection of the scimtific choracto of 
Astimomy, and the preponderating importance of the fixed correspondence of cause md effect 
which it unveils. This surprising mechanism, exhibited by the laws of the planetary motions, may 
be justly eonsi-lered as die grand foundation of the whole system of positive knowledge: and yet 
in spite of appearances, die phenomena are, in fact, much more consecutive dian would be thought. 
The most complicated problem which they present-that of the modification produced m the 
motion of two tdios tending towards each odier by their mutual gravitation, from the mflumce of 
a third acting on both in the same manner—is much less complex than some olier portions o 
inormnio physios; and yet it presents such difficulties that the solutions of it are s o y approxi¬ 
mative. The Solar System has presented certain facilities for advancmg to perfection m e^- 
ravelling of its several problems; and each hypothesis admits of nuinencal verification. The 
Zets of which this system is composed being few in number, having thmr masses very uneq^, 
Ld iiicoimiarably smaller than that of the sun: their forms being almost spherical, with their orbi 
sHghlly iilclmcd towards each other and nearly circular-: from these circumstances, it results 
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that the perturbations are often very slight, and that in order to calculate them it is commonly 
sufficient to take into account, concurrently with the action of the Sun upon each, the influence of 
one other planet, capable, from its magnitude and proximity, of producing sensible dcrangumonta. 
These disturbances had heretofore given philosophers no small uneasiness, because they were not 
understood; and, from what was obvious to the mere senses, there appeared to bo a general tendency 
in the planetary bodies of the Solar System to descend to the common centre of gravity of the 
whole. Now, under the potent subjunctive, if this wore true, it would follow that the material 
imiverse could exist only for a few millions of years longer. Such a catastrophe was truly alarining 
in anticipation; and, in the general dismay and constcraatioii which it occasioned, the tuneful bard 
of the Botanic Grarden thus dolefully sighed— 


“ Boll on, yc stai’s, exult in youthful prime, 

Mark with bright curves the trackless steps of Time; 
Near and more near your beaming oars approaoli, 
And lessening orbs on lessening orbs encroach. 
Flowers of the sky! ye too to ago must 3 dol(l, 

FraQ as your silken sisters of Lho field ! 

Star after star from heaven’s liigh arch shall rush, 
Suns sink on suns, and systems systums cnish: 
Heiidlong extinct to one dark conti’e fall, 

And Death, and Night, and Chaos mingle all 1” 


But hope was quickly at hand; the conditions of the cose were closely scrutinized, and the 
geometer, extracting a gratifying destiny from liis formula, chanted a paliuotly, mid declared Nature 
to be mmortal! In ^ort, the uoblo brace of com2KUriote8, Laplace and Lagi-iingo, after submitting 
the celestial perturbations to the test of the cxtmordinaay resources yielded by the DilVei'cntial Cal- 
cuius, wont far to demonstrate tlio eternal duration of Uio imivoruc: in fact, tlicy fully sliowed that 
the offeets of pure gravitalion-cUsturbances in tbe Solux System, went on compensating one unotlmr. 
J^or was this oJl: tbo law of tliosc clianges, wliicli prescribes to each its limits, and forces it to recur 
in endless repetitionory series, was clearly ostablisbcd. Tliia was extremely satisfactory on Hio 
whole; but there ^c stiU misgiving inquirers who thinithut a resisting medium, and other 
natural practicol^fficdtios which may exist, are not taken acooimt of in the mathematical theoiT 
ol gravitation. This, however, is but a mare’s nest as yet. 

Such, then, is the general argument. All the pkmetary motions are affected by the gravita- 
tion of ^e planets towards one another; mid dieir places in the heavens are computed beforehand 
so that the positions given by observation can bo constantly compamd with those previously culcu- 
hted. This led to the recent extraordinary revelation. The observed motions of Uranus, the most 
distant body hith^ Imown in our system, when thus compared, wore found not to agree with 

fo?? “‘■ter for the inffucnccs of all the known planets. In 

1821, Mens. Alexis Bonvard published his Tables of Uranus, founded on a continued scries of ob¬ 
servations extending from 1781, the year in wHch the elder Hcrschol detected it, to the date of his 
pnbhcation. Previous, however, to its discovciy as a pbmet, it hud accidontaUy been observed no 
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less tlmn sevente^^ times as a W star, the eaxHest being in 1690, by Flamsteed. When Bonvard 
was coMtmctmg his tables, ho attempted to form tliem as wcU on the older as the later observations, 
but, whatever ^pse he ascribed to Uranus, he could not make the theoretical agree with die ob- 
serve course of the planet; and, thinking these discrepancies might be owing to imperfection of 
meliod and means m former days, he rejected all the observations previous to 1781. It was after¬ 
wards found, however, that the rejection had been made on insufficient grounds, and that, from 

• amounting to no less a quantity 

the yem 1838 Airy, on a comparison of his own observations with tho Tables, found that tiic 
planet had yawed from ite computed course by a quantity nearly equal to the distance of the Moon 
from the Earth ; and that it was actually describing an orbit greater than that pointed out bytheoiy. 
When It was ^us found that the deviations were lax greater than any which could be ascribed to 
mere errors of observation—that they were of a regular character-that they were in the some 
p anc^ direction-and were of such a nature as would arise from the action of a still more distant 
planet, attention wm naturally directed to inquire whether the refractory disturbances wore such as 
to afford a clue, which might possibly lead to the location of the invisible disturber, whose attraction 
was thus inffuencmg the progressive motion of Uranus, and dragging it away from the Sun. Tliis 
a r muc our and many misgivings betrayed the attractor; for it seemed quite clear that, 
withou a departure from the received law of attraction, or the actual existence of a massive distui-b- 
mg 0 y, icro was no accounting for the irregularities under notice. The whole, however, was 

held to be a mere transient hypothesis until within the last handM of years; and tHs brings us to 
our eventful story. , g uo lu 

Among^oU^ tho physical sciences, that which investigates the laws of the cdostial bodies and 
oxtenda man s views to other spheres, is unquestionably the most beautiful effort of the human mind • 
and It Mows that the recent installation of Neptunb-one of the largest planets of our system-is 
among the noblest Icats of Astronomy. This we confidently assert, since the predicting and 
finding were not tho fi-uits of accidental fortune, persevering scrutiny, or telescopic power; but the 
magnificent consoquonce of a judicious exertion of profound thought and transcendental reasoning. 
Indeed, m the whole history of science, there is no event more striking than tliis, and its circum¬ 
stances are so intercstmgly curious, tliat wo beg our readers’ close attention to all the leading 
toaturcs of tno case. ^ 


Astronomcr-Eoyal, having been somewhat officially made acquainted with many of the 
Icadmg circumstances, gave a succinct historical detail of them at the meeting of tho Eoval 
Astronomi^ Society of London, on the 13lh of November, 1846. Throughout this interesting 
discourse, there is internal evidence of tho strictest truth, and it furnishes a mass of successive facts 
which no mere opmions can rebut. Ho commences with observing, that the irroconcilnbilitv of 
the motions of Uran^ with the law of gravitation gained general credence from the publication of 
the French Tables of Uranus in 1821; and he afterwards adds—“I know not how far the extensive 
and accurate calculations of M. Eugbne Bouvard may have been used in the subsequent French 
calculations, but I have no doubt whatever that the knowledge of the efforts of M. Bouvard the 
confidence m the accuracy of his calculations, and the perception of his Cdluxc to reconcile in a satis^ 

3 G ‘ 
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factory way tKe tlieory aad tlo otacrvationa, haye tended greatly to Impress upon as^onomcra, both 
French and EngHsh, the absolute necessity of seeking some external cause of disturbance. _ J 
November, 1834, Mr. Airy received a letter from tiro Ecv. Dr. Hussey,^ who ra recent 7 ^ 

PaiTfl, in wliicli he remarks on the possibility of a distuihing body outside ranus,^ u ^ ‘ 
he » found himself totally inadequate to the task ’’ of hunting it up, so as to dctcinumo its position 
even approximately, or empirically. He therefore relinquished the matter altogether; but on 
mentioning it to Bouvard, tiiat astronomer said it had occurred to him also*—and that anseii con 
jeetured there were two unseen planets in the case, as it seemed dear that one disturbing boi y 


would not satisfy the phenomena. 

This is tire Astronomer-Eoyal’s first point of departure; and tiie act of publishing us own 
reply, in which he doubts the possibility of making such a determination, is crcilitablc to Ins 
candour. As, however, straws thrown up often serve to show which way the wind blows, wc are 
suiTirised at the omission of many other existing Huts on the subject, for, even dubbing them on y 
faneies, they all tend to show that the discovery of Neptune is fairly a result of the march o thmig i , 
consequent on the heavc-ahoad movement of the age. Now, everybody recollects that^ Inimaiiud 
Kant predicted, or rather demonstrated, that a planet exterior to Saturn would be louiul, us a 
deduction from certain laws which he had established in his ffimmeZs Syatmt.: for he suspecUHl that, 
as nature docs not ordinarily proceed fcr saltum, the system of planels must pass by into 

the system of comets. Therefore, he asserted, at some future period there will bo found ul. kiwt me 
planet superior to Saturn—whoso orbit will be mudi more excentric-and will thus supply a link 
to connect the motions of tiro planets and tlio comets into a more continuous chain. This moral, 
rather than matircinatical, decision was given at least twenty-six years before Ilerschel made his 
discovery. In 1768, Glairaut also supposed the irregularities of Halley’s comet might be owing to 
planets too distant to bo ever perceived by us; and a floating notion to tluit clfect is traceable 
elsewhere. There is a passage somewhat in x>oint in J. G. Jacobi’s I’ocket-liook for 1802, winch 
runs thus—“ Ophion, the next planet beyond Uranus, is 780 millions of miles disUmt Iroiii the Sun, 
and has an orbit of 260 years. It is not yet discovered.” Signor Niccolo Gaccmtoi'e, ol tlie 1 'alerino 
observatory, must have had notions of a similar stamp, since we find lum writing to us iii^ 1836, 
that ho had watched a suspicious star near No. 17 Ilora XJl. of Piazzi’s GaUdoguc, luid found a 
movement of 10" in right ascension in three days: “ So slow a motion,” he said, “ would make me 


suspect the situation to be beyond Uranus.”t 

Mrs. Somerville, in tlie third edition of her Connexion of the Physical Scwices, 1836, at page 
74, says:—“The tables of Jupiter and Saturn agree almost pei’feotly with modern observations; 
those of Uranus, however, are already defective, probably because the discovery of the planet in 
1781 is too recent to admit of much precision in tlie determination of its motions, or that possibly 


* la 1837, Eugtiae Bouvai’d wrote to Mr, Airy,—“ Cela ticnt-il une pertiirliation inoonmie apportAo dans 
lea mouvemens de cct ustre par ua corps situe au-delll P Je no aaia, maia o’est du moins rid»$o do nion oncle. 

•j* It having been pxiblicly advanced that this stranger and La Vender’s luight prove to be identical, we beg to 
remind the reader, that the latter bos only 16° of motion in 10 years; whence, from its longitude in 183fi, it was 
then in the xxth hour, or 120“ from the scene of Oacoiatore’s phenomenon. 
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to disturbances from some unseen planet revolving about tbe Sun bcyoiul th(! 

IZZ" TT “ ^ Uranus, tbo .lis- 

pancies may reveal the existence, nay even tlic mass and orbit, of a body placed for over beyond 

Srtbe rr ’ • ^ ^ 

* W of i "TT f-"'’ the 

^ We havfhGTo ^ explains aU the motions observed in our solar system, is iuapplicuble. 

dwiv F ^, T ^-Pl-^tion can only be formd in a new phynionl 

Url?;. 1 T that the resulting pertobations of 

M-^l T,rT°r?^° harmony in the observations.” And in 1841 llerr 

^ *>» 

tay Zr^rr ■'“■‘"f ‘P““ '»y“«“ ’J™”- Ti* *>«<*> «ffc s«. oteM. .1 hM 

orbitTo^C “T “«» “»i" ‘l>i« ■!»•«<» « .pbolion, md ™.y of u,o.. yyW 

biu ». only ta now ™okonod o. pw.boto, o.y 1 oon«dBnbIy boyood. ISmo, whM „„ fe„„„ „r 

the Sun"th.^r^'° hnniired Ihouaand limes that of the Eiirth from 

. c e out a p anot whose distance is only two thousand times that of tlic earth (= 100 x Tjl) would 

- nmci:exlZ^:rTe 

probahll! “ ‘dreody very 

follotri!^:!’^ n>o«t important of wliich is the 

“If a planet revolves beyond IJl. it must (if its mass be not very small) act on IJf, producing anomalies 
11 or course Umso anonmlks would 

the distoll !' “ 77“° °r die W period of 8d yeai-a, and the still longer one of 

irbmg ]) anet, these effects remaiii nearly Uic same for a long series of years, are mixed up with the 
lomen s deduced ffom the ol.servaUons of those years, and are practically inlparable Z Zn 1 
caleulalmg a eonsidembly earlier series, other elements would resu t, and one eaZt combin b^rserie 
..e system o elements ivithout leaving notable <n-om. This is reaiy the ease witll ^ Bo^Zl 

olQmouta K ^ ° pro-nerscholian observations inoonipfitible with those 

—r.rjirb^zr^'rrr »ir: 

,»dy.„™, b..w,b„. .;„ rr“2:iTzcirc“^^^^^^^ 

^iful astononjers. Moreover the observations aJler 1820 deviate considerably from BouvZ’a Tabl^ 
^has shown fmm the oppositions of 1833 to 1837 that ^-s r^hrs-veetor for Zso y“ZXs frZ r; 

labl s by a qtrantt y exceedmg tbo distmtee of tbe Moon from the Ena-ti, and UrereforoTZS tZ, 
twenty yews, calculated by themselves wnnlrl ,mS,„ -4 t/v ercioro oertamly the last 

forty years. Did we not take into acZnt Z pXlbZnroTtZ"" 

llud similar deviations, and had we possessed vei'v etnnrf u u ^ i or b s of ip’e orbit, wc should 

have been possible to have discovered M tImrL // i 

presuininff thaL all tho rbai, w ^ ^oieitcally by analylioal combinations before Hcrecliol foimd it 

.bal «n d..f.,bb« ..WWW w..y «ffioi=.ay WOU h.«™ ..d b,tela.yd i. fb. “■ 
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.. App,™ fld. » . ™«be. bey»d we .pprowi (ee 

^ppijrius ftTiftlvQifl will some tmio or other aolemnizt* this 

upon and disiterJnng it; yes, we may express e p , r-Bions wlioro our actual sight was unable 

her highest triumph, matiug discoveries with her mmdls eye m regious where our b , 

to penetrate. . u AnTiaidprahlv fniriteT than die other old pliinots, 

“ Still the latter is not absolutely true. Although ?? is considerah y ^ 

it b ,.t from «»».. limit ™bi%l p *«p ^ \ 

I l - 1.1 1.P tA, Tfl’s ss M’s to fc’s would not he the faintest object in gie.a lelusa.iH.s, 

the bnghtness would be to s as s to % inclination of the three exterior 

eaueoiallvif its diameter be not too mconsiderable. ine smau orDiuu , . v„ 

Zets to the Ecliptic, renders it probable that the one or more to be discovered do not exceed them l.y 
above r or 2", and a few years’ continuous investigation of die EeUptio and ite nearest Imuts, would be . 
first the most probable means of reaHzing this hope, or otherwise of showing that there is no phuiet beyond 
^ to which, the optical power applied was sufficient.” 


The author then proceedsto Wurm, and to Bode’s law a+h - c, to whicli ho however atUu-ln-« 
Htde credit, and says that, although tliis law might have prevailed primitively, 

System requires perhaps the introduction of ihe masses, inclmations, and cxitoUtricit.eH; iho l.iUor 
hebg subject to Lulax variations, and our being ignorant of the age of the Solar System, rouch.x 
Bode’s series imperfect; if true, we should have a,= 38-8, T, = 243 years; a. = 77-2, I „ = 7 
centuries, &c. He speahs of its having anticipated the Asteroidal discoveries, nn<l coneludea with 
the circuiiBtance of the place of the aphelion of the comet of 1680 from Bessel’s calculalions. 

(Table p. 346, No. 36 = 2 x 426-6868 — -00622236 = 853-3654; T = 8813-782 years) allow¬ 
ing of five planets, the last of which has = 620, T^ = 16000 years. 

In the cruelly-murdered Bailly’a Traiii dg VAstremmU Indienne et Otientale, 1787, jmgo 203, 
there is a pointed reference to a Brahminio diagram, representing die orbits of dio, sovou plaiioLs 
surrounded by two droles caUed Natohatter and Aka^h; and bo lauds tlio Imllaii siniphi and nitionul 
tiieory as yielding astronomical tables wbiob—in the absence of Copernicus, Kepler, and NewtiMi— 
are pretty passable. Now may not these two circles outside Saturn—instead of a primuin indnk— 
symbolize Uranus and Neptune? As it is within possibibty that they may have been visihlc in an 
oriental sky, their existence might have been inferred by the early Hindoo astronoinors. 

Such bints as to a Trans-Uranian planet may be deemed vague and indcfiuiUi, and the wm- 
jectures, being unaustained by any show of reasoning, were of no scientific value; yet they mighl. to 
have been cited at a general muster, as hearing on the upshot; and tlici-o is still a point, of gri-aler 
interest and exactness, whidi should have been noticed. Early in tlic month of July, 1842, the 
illustrious F. W. Bessel—above quoted—visited Sir John Herschcl at Collingwood, when, among 
other matters, he remarked that the motions of Uranus, as he had satisfied himself by cai-olul (ixami- 
nation of the recorded observations, could not he accounted for by the pcrtuvbatious of tlic known 
planets; and that the obliquities fiir exceeded any poasihle limits of error of observation. “ In 
reply to the question,” says Sir John, “ whether the deviations in question might not be <hie to the 
action of an unknown planet?—he stated that he contidered it highly probable that such was tho 
case,—being systematic, and such as might be produced by an exterior planet. 1 then in(ium!d 
whether he had attempted, fiom the indications afibxded by these perturbations, to discover the 
petition of%e unknown body,—in order that a hue and cry might be raised for it. From Ids 
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reply, the words of which I do not coll to mind, I collected that he had not then gone into that 
inquiry; hut proposed to do so, having now completed certain works which had occupied too much 
of his time. A few days after this visit to Herschcl, at a breakfast vrith us in London, when we 
expatiated on the beautiful coincidence of lively and even fanciful theoiy with industrious practice 
afforded by the Asteroid plot, he remarked—“ There may yet be something still more so,—for what 
if anotlier planet shall be found outside Uranus?” We replied that, should it observe Bode’s law, 
it would be too distant for vision. “ That,^* rejoined he, “ must depend on its volume.” With a 
view of attacking this grand problem, on his return to Germany, he engaged the services of M. 
Flemming, to make all the necessary reductions of the available observations of Uranus; the labour 
was wcU advanced when Flemming died, and Bessel was attacked by the fatal illness which 
interdicted every abstruse mental application. 

We have now approached the time when analytical investigation led to a distinct indication 
of the place where the disturbing body ought to be sought; and tlie wondrous cffoi’ts by which it 
was accomplished arc confined to two geometers—Lc Verrier and Adunus; in merit mqnales^ and, 
all but in circumstance, both imperishably associated in tliis grcMit intellectual iichievcment. W(^ 
will proceed with the former, as his views were first publislierl to all Euro]:)c, and his opera¬ 
tions claini, therefore, priority;—merely premising that cacli, in ignortince of the other’s labours, 
proceeded to investigate tliis most intricate question, and arrived independently at all Imt the sauK^ 
conclusions, for both pronounced that the probable place of tint suspected planet wiis about 325® of* 
heliocentric longitude I At the time of their undertaking this idinost liopeless investigation, neither 
of these choice sph’its had attained either the age or the s(ucntific standing to rtiise expectation: yet 
they solved the stupendous problem with a comjdeteness that surprised the veteran astronomers, and 
demanded the admiration of the whole intellectual world. 

In the Com])teB Rendm of tlie French Acjidemy, 10th of* hlovomber, 1845, there is a most 
valuable Memoir, by M. Le Verrier, on the perturbations of Uranus produced by Jupiter and 
Saturn ; and on the errors of tlic elliptic elements of Uj’unus, conaequoiit on the use of erroneous 
perturbations in the treatment of the observations. Herein the secular inequalities of thoBc supe¬ 
rior bodies arc more rigidly investigated than over, and many smtill t(jrins— un certain nombre de 
peiits termea qui n^avaieni pas dtd donnds —added to the conditions; but on a laborious examination 
of the correction for the now elements, it was found to be incapable of explaining the observed 
irregularity of Uranus. “Cette discordance,” he says, “preoccupo vivemont Ics astronomes, qui 
ne sont pas habitufis A dos paroils ]n6conq)tes. D5ji dies a donn6 lieu a un grand nombre d’hypo- 
theses. On est mfiino alld jusqu’^ mettro en doutc quo le moiivemcnt d’Uranus ffit rigourcusoment 
soumis au grand principc do la graviUition univcrsdle.” And ho sirnis up“ Tel cat ellcctive- 
ment lc sens do I’crrcur dcs Tables aotuellcs. Sculemcnt, Tdcart cat plus considerable, ct le surplus 
pent tenir ^ d’autres causes dont j’appr(Scierai I’influcnco dans un second Memoirc.” 

The promised memoir was published in the Comptes Rendiis for 1st June, 1846, and, though 
rated by its author only a sketch— recherche —was received with delight and astonishment by the 
sedentifio public, who seemed to partake of the geometer’s zeal and confidence. M. Le Verrier 
re-considers all the possible conditions of the wandering between theory and observation in the 
orbit of Uranus, and, on grounds of the strictest geometrical reasoning, concludes that none of 
the explanations offered— as the resistance of ether, decay of gravitating power, action of a vast 
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satellite, or the shock of a comet—are admissible, save that of an unknown planet. On this suppo¬ 
sition he showed that if this be the cause of the disturbmg force, the stranger must be, not mt/m, 
the orbit of Uranus, because, if a large body, it would trouble the path of Satiux also; if a sma ont, 
it would bo inadequate to produce the discerned effects; nor, for the some reasons, near oil 
the outside of Uranus; but Ikr enough without the orbit of the latter to act upon it wi u)u 
acting upon that of Saturn; and large enough to act upon Uranus for long and contmuous periods 
of time. The great question now was-where then is this body situate, what is its mass, and what 
are the elements of its orbit? * The groat difficulty here encountered was, the unccitamty relative 
to the precise elUpse described by Uranus, because according to that orbiU vai-niUon 
supposed influence must be yaried. It is requisite to form the expressions ol the perturba mn. 
due to the hypothetical body, in functions of its mass and ol the mi -uowu c emeuts o i. c ip.i 
which it describes: these perturbations must be introduced into tlie co-ordmates ol Urunus^^ com¬ 
puted by moans of tlic unknown elements of tliis planet’s orbital ellipse. ^ ''' *• 

thus obtained to those observed, the elements of the ellipse described by both planets must be re- 
trarded os unknown in the equations of condition which result thorelroiu. ten, ugoious y i mu 
nating the orbital elements of Uranus, we obtain the relations between the strangei s mass, t u. (x 
contricity of its orbital eUipso, and its mean longitude at the commencement. im. new re ations 
determine the expressions of the orbit’s eccentricity, and the longitude ol L o pmie ion, m m 
tiona of the mass, and of the longitude of the epoch. Fimdly, only the muss ol t o p unet unt 1. k 
mean longitude at the original lime will remain arbitrary; and these must be scleclcd so as ti. suit 
the rest. Such axe Laid conditions, my masters: but Lo Vorvicr proceeds undo: llum to nivcstig.ilc. 
such an orbit, assuming a mean distance suggested by Bede’s Law, and concludes by pr<.nourmmg as 
the most probable result of his investigation, tlmt the true helioecntrie longiLude ol the tbsturher 
will ho about 325“ for the 1st of January, 1847-confldcnlJy affirming, moreover, tliat an error ol 

10® in this place is not prohahlc. _ i i i 

Never was a holder paper than this thrown out to public sci'utiny; and it was deemed conclu¬ 
sive alUrough it gave but a single clement, widiout affording rcsulUs rospooting the atmiiger’s mass, 
or tbo form of its orbit. But in the Comjites Rmdus for Slst August, 1846, M. Lo Vemor com¬ 
municated a third paper—and a wonderful production it is—m which he procceiled to fix more, 
exactly the place and distance of ihc yet unseen planet, the size being pronounced on a pure lypo- 
thesis respecting its density. He now distinctly described it as a body many tunes the magiiiUn e 
of the Earth, and not much less than Salmm, taking more tlian two centuries to revolve about I ic 
Sun, at a distance 32 times greater than that of tlic Eai-tb. To obtain the quantities to substuiituY 
these views, ho grouped all the observations into 33 equations, explaining the peculiar method ^ 
which he derives the values of unknown quantities from them: and iho foUowuig constitute t le 
elements which he thus acquired for the 1st of January, 1847— 


• Perhaps the reader will here like the esrhoof M.LeVorrier.sinoo theyna-o as remarkable as terse :- 

Nous Bommes ainsi conduits knous poser la question suivantc : Est-ilpimible qtw Ick intgalitk (VUrmmHoieui 
duenaVaetiond'une plcmete, nituee dans VecUptiqua, d une disttnice moyem^ double de ceUe. iTUrmmef hied meet 
ami od eat aetaeUemnt eitui ectte planMe f QueUe eet >a mme » Qftek eoid ki UimerUe <k Torhite qu'elle ixirconri . 
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Mesan Longitude • . . . 

318° 47' 

Perihelion. 

284° 46' 

Semi-axis major .... 

3G-154 

Excenti'icity. 

0-107C1 

Periodic time, sidereal years 

217-387 

Mass (Sun as unity) 

. 0-0001075 

True heliocentric longitude 

326° 82' 

Padius-Vector 

33-OG 


ithm one month after the Philosopher had thus minutely fixed and pufifished bcforclmnd 
the place of this mystenous body, defining the limits between which its hms must besought it 
was actually / and the news clapped a stopper on the grave domm-s of sceptics, who admitted 
le p ausi Ity o the conjecture, but had denied its practical application. In a letter received at 
Berlm on tlic 23rd ol September, M. Le Verrier Urged Dr. Gallo, of the Observatoiy at that place, 
sweeps arplyfov the new star, which he expected would be recognised by its disc: why this 
was not requested of the astronomers at Paris is not in evidence. That very evening GaUe re¬ 
paired to Ins post and on comparing the aspect of the examined region of the heavens with 
Bvcmicker s excellent map, Hora XXL, he very soon found a star of about the 8th magnitude, 
n ar y in the place ,)omtcd out by Le Vemer, which cUd not exist in the map. Thci’o was little 
or no ( ou t t lat this was tlic new planet; it was compared three times that night with a known 
ixcd star and iin orbital motion was suspected; diig was soon confirmed, and the obseiwutions ol' 
the two fo lowing days showed that its march was in the direction of, and nearly equal to, the pxv- 
toon Le A errier s presumed diameter was 3"-3; and it may now be considei-cd as established at 
. 11 , on tlic very first mcnsiuation, with illuminated wires and a power of 320, the diameter 

™ l«»a u. bo 2-0 b, P„r<»o, Encto,„.a by D. .ta L ridd 
aameobservers oimd l^ie diameter to be 3"-2 and 2"-2 respeclively,-but the later obsei-vations wore 
made undm- iinlavoiu-a ,1c atmospheric conditions. This coincidence between ms™ and esthnaie is 
timly admirable, and sliows the wonderftil sagacity with which the existing data had been made use 
0 . Alter an exiumnatiou ol three days’ obsei-vations, Eucke pronounced that “ tho place of the 
planet ap-ees withm ons which correspondence between theoretic computation and actual 

obs ^es- The error m my computation will bo considered very trifling, when we reflect on the 
smallnoss of lire perturbations Iroin which the place of the planet had boon inleiTcd. This success 
aUows ol a hope, that after 30 or 40 years’ observations of this new body, it may in turn be em¬ 
ployed as a means of detecting the next wliich follows it in the order of distance fi-om the Sun 
I hus, in the sequel, we shal unfoitunatcdy arrive at planets invisible on account of their- immense 
distance horn the Sun, byt the orbits of which will be con-eelly traced, in tho course of centuries 
by means ol the theory of secular inequalities ” 

Thus, then by a profound computation based on very slight data, the closet mafticmatician has 
been armed with more than magician’s power, and not only pointed out the place in which a new 
planet must bc^ found, but also lunited the space in wliich to seaj-ch for it, weighed its mass 
determined its diameter, figured its orbital cii-cuit, and numbered the years of its revolution orouml 
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the central luminary! The confident temerity of the prediction waa astounding, and staggered even 
the incredulous, for the most sanguine hope could hardly have expected so full a confirmation. ‘‘1 
cannot attempt to convey to you,” said Mr. Airy, “ the impression which waa made on me hy the 
author’s undoubting confidence in the general tmth of his theory, hy the calmness and dearness 
with which he limited the field of observation, and by the firmness with which he proclaimed to 
observing astronomers, Uoh in the place which I have indicated, and you will see the planet well. 
And this wondrous and successfiil exertion of the powers of abstruse research was received with a 
burst of rapturous applause throughout the intellectual world; and numerous are the wcU-deservo 
honours showered on Le Verrier. His own Sovereign ordered his bust to be placed in the College 
of St. La, and decorated him with the cordon of the Legion of Honour, and he was installed mto 
the chair vacated by Count Cassini at the Institute; ihe King of Denmark enrolled him among the 
Knights of the Danebrog; and the Emperor of Russia conferred on him, by rracript, the second class 
of the Order of St. Stanislaus. In England he has been unanimously elected into the Royal and the 
Royal Astronomical Societies: and the foimer body awarded him the Copley medal for 1846, their 
highest honour. Of the Astronomical Society’s medal we shall presently speak. ^ 

Since tliis singularly grand discovery, the stranger has been frequently scrutinized, both m our 
own country, in various parts of the continent, and in North America. Thus tlic^ kno^ 
boundaries of our planetary system have been at once nearly trebled, and a body added to it which 
though a mere clod, and utterly useless m a worldly point of view, is a gem of the first order m con¬ 
firming the trudiB of the Newtonian doctrines. At present it has an apparently retrograde motion, 
amounting to two or three seconds of time daily; but its actual mean hourly motion in orbit must 
bo about 12,000 miles, which is not half the movement of the once-designated sluggish Saturn, and 
is something less than one-sixth of our own rate of going. With a diameter of 43,000 miles, and a 
bulk nearly 200 timpu that of the Earth, it has a periodic revolution round tho^ Sun of about a 
couple of centuries. To the slightly aided eye it appears as a star of the 8th magnitude, but a disc 
is raised under comparatively easy telescopic power. Our excellent fiicnd Mr. Lasscll, of Liverpool, 
has, moreover, viewed it with the largest equatoreal instrument in existence, viz. a Newtonian re. 
fleeting telescope of his own construction, with an aperture of 24 inches, and a focal length of 20 feet. 
With this admirable machine, under powers varying from 316 to 567, ho sees something crossing 
the disc, and also a probable satomte. The atmospheric conditions have not been favourable, but 
the streiris seen in the same direction, using two different mirrors, and by several observers. His 
own words are—“ On tho 3rd of October, at about 8i hours, I observed the planet to have appa¬ 
rently a very obliquely-situated ring, the major axis being seven or eight times tho length of the 
minor and having a direction nearly at right angles to a parallel of declination. At the distance of 
about three diameters of the disc of tho planet northwards, and not &i from the plane of the nng, 
but a littie following, there was situate a minute star, having every appearance of a satellite. I 

observed the planet again about two hours later, and noticed tho same appearance. * * * * 

With regard to the existence of the ring, I am not able absolutely to declare it, but I received so 
many impressions of it, always in the same form and direction, and with all the different magnifying 
powers, that I feel a very strong persuasion that nothing but a purer state of atmosphere is necessary 
to enable me to verify the discovery. Of the existence of a star having every aspect of a sateUitc, 
there is not the shadow of a doubt. Afterwards I tamed the telescope to the Georgium Sidus 
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C/ran2w), and remarked that the brightest two of his satellites \v(M*c Ini'djtn 

this small star accompanying Le Verrier’s planet.” Since thia tunnni*iuu‘snit>n w.u iii.hIi' by ^^1*^ 
Lassell, the existence of the ring has been confirmed at Cainl>ri(lp;iS l»el iImmi* jut* n-vi'inl pninl" 
which await the furtlier scrutiny of science * 

Meantime we will submit an extract from the official Repoi’t wlutdi I ntlpt.nr i hullii* uiiul** \n 
the Syndicate of tiiat University, on the 22nd of March, 1847 :— 


“ On Jan. 12,1 had for the first time a distinct impression that tlu‘, pianist by :i nu • 

The appearance noticed was such as would be presented by a ring like that <d Snt.iirM, '.ilual»Hl with ii* ptnir 
very oblique to thedirection of vision. I felt convinced that the observe<1 elt>ngati»*?i fitn’il umI Iu* attiibiit^i) 
to atmospheric rehactiouj or to any irregular action on tlie pencils of light, IxuuMiNt* \vh**n i]i»* f»bjt'i’i wa** 
most steadily I distinctly perceived a symmetrical form. My assistant Mr. !»♦ ji.n 

particular attention to the appearance of the Planet, gave the same dirc*ction (if llu» iixIm oft :i;< »b.if 


in which it appeared to me. I saw the ring again on the evening of Jan. 1*1. In my nnfo I irin.itk* 
‘ The ring is very apparent with a power of 216, in a field considerably illujnjned by lamp lii'bt, lift bi i>*Im 
ness seemed equal to that of the Planet itself.’ On that evening Mr. Morgan, at niy riMpn *1, n 
of the form, which on comparison coincided very closely with a drawing nimb* iitdiqMMnli*ndy b\ 

The ratio of the diameter of the ring to that of the Planet, as measin'cd iVnni <lio ihaHiuy., i*i .ib*tnr ib.n mI 
8 to 2. The angle made by the axis of the ring with a parallel of (lreliii{U inn, in tin* |inrnlii4-' m 

north-following quarter, I estimated at G0°. By a measurement taken with the pnrdfinii riirln nii J;m. IJi, 
under very unfavourable circumstances, this angle was found to (55". I am tti infin-b 

for my not having noticed the ring at an earlier period of the observations.” 


All this is most truly wondorfiill In a region so awfully ronniti* m* nraily tbn'»* tboUMiuJ 
millions of miles from the grand central luminary, this cxtniordintiry plain *1 r:\n rrn‘l\e bnf , 
part of the light and heat which WG enjoy. The feeble eflbets t)f tin' him tlirn* wnubl almn* I pniut 
out that we have now reached the very utmost bounds of liis Inlliicnta*: but ibnubl tlirn* fill In- 
another exterior planet, which Neptune’s backings and fillingH iruiy yt*t jiulifatf, It will pinlMbh 
be nearly six thousand millions of miles distant, where the CimimMaun glnniuor rnn milv .mnainf !•* 
Tu,V 7 nrtb of die cartli’s light. This interferes with that dogmatus {itru^hh of lbim»‘M wlilrb ..f .i t ^va^ 
pronmmeed by KSages, when Jupiter was shown to have four iuoouh Iu fntnpi n .tir bi^^ Uv u ima.il 
from tho fountain of light, and Saturn, being then considered oiUHidu till, wu;. ulbaud bnfli ;i v\uy 
and satellites for the same object. 

Such was the discovery, and such its conditions, us it mot publu' r;u ; and vv;i- 

greater homage paid to cultivated thought than in the gratulatiuiiH with vvlilrh (baf piiblb -irrud 
the event. But as if the whole phenomenon was to be a startliup; niYiiir, iu: tfml i.f flu* ill m 


* The cose of a ring must probably remain undecided for a few yciirs, uiifi] fh,* plaiH-i M.v.ipb . u 1 m*Um 
situation in the ecliptic, by rising in declination to a good-working altitude : !)ut uh linppru in In.nv 
that its existence is now doubted by Mr. Lassell himself, ’tis ns well to nay ho. 'riM. hI tb.- '•mdlitc w;i*' 

speedily confirmed by Otto Struve, in Russia, and G. P, Bond, in America. 

3 n 
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being viewed with unminglcd admimtion, a new incident shook the opinions of men, and awakened 
considerable personality in certain quarters. It must be acknowledged that, considering national bias 
and excitement, sometliing maybe pleaded in extenuation. In brief, it appears that, diough tlie French 
geometer was so justly taking his triumphant lead, an English one had been some time steering the 
same course with wet canvas close on his wcatlier-beam; and who, had the look-outs been at tlicir ])osts, 
with the same charts on board, would assuredly have been far a-hoad. Indeed, though without any 
intention of taking the shine out of the chace, it might be seen, by all who had sailed for it, that there 
must inevitably be a close shave. This certainly took great numbers flat aback: the world at large 
were aware of the merit of Le Verrier, but, until the unexpected annoimccmcnt of Messrs. Airy and 
Challis, they knew nothing of the fact with which some few—ourselves among the number were 
partially acquainted, viz., that a young Cambridge mathematician, hight J. C. Adams, iis albresaid, 
had been already led, by his own spontaneous thought and independent researches, not only to con¬ 
clude that a planetary body more distant than Uranus actually existed, but also most skil fully to 
point out its habitat and features. Now as we conceive tliis point to be one of some historical and 
scientific moment, and as it has aheady been the cause of much difleronce of opinion, accompanied 
with some ebullition of small feeling, we will submit the leading facts of the case. We trust that a 
fair statement will put matters to rights,—for it were lamentable indeed that a new planet slioulcl 
prove an apple of discord, and distuib the harmony of tronsccnflcntal astronomers: even the sttq)s 
recommended by justice can be but ill executed by petulance. 

Wc will, therefore, proceed to examine the evidence, boilr fonnal and objective, bogging the 
die courteous reader to recognise the hackneyed adage —audi aUeram partem —^tho while. Some of 
the points advanced may bear on inconsistent aspect; but all who bring their best judgme^ut to bear 
on the subject, wiU easily discern how to allow for Ico-way and thereby correct die reckoning, so as 
to reduce it to tbo critciion of Truth. 

Under this impression wc shall, at the most knotty turns of the case, hand hi the special tost 
of official documents. Now it appears from the Report of die Astronomical Society for Noveml)ej', 
1846, os well as diat made by Professor Challis to die Syndicate of Cambridge on the 12th ol‘ 
December following, that Mr. Adams had long formed die resolution of trying, by calculation, to 
account for the anomalies in the motion of Uranna: “ He showed me,” says Mr. Challis, “ a m(‘mo- 
randura made in 1841, recording his intention of attempting to solve this problem as soon as ho had 
taken his degree of B.A. Accordingly, after graduating in January, 1843, with the honour ol’ 
Senior Wrangler, ho returned to the encounter, and obtained an approximate solution by supposing 
the disturbing body to move in a circle at twice the distance of Uranus from the Sun. Tliu result 
so for satisfied the apparent anomalies in the motion of Uranus, as to induce him to enter upon an 
exact solution,” For this purpose ho required a set of reduced observations, and appliisd to obtain 
them from Greenwich,* through the intervention of Mr. Challis; and diis was the first distinct inti¬ 
mation to the Astronomer-Royal:— 


* We sliould here state, that the fii'sl clear exhibition of the theory of Uranus certainly made by the 
routine operations at the Cambridge Observatory, and the beautiful reductions thei*e tabulated 'were eminently 
useful in all stages of Neptune's discovery. 
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“ Cambridge Olisorvatoiy, Pali. 13. 1841. 

“ A young friend of mine, Mr. Adams, of St. John’s College, is working at the theory of Uranus, and is 
desirous of obtaining errors of the tabular geocentric longitudes of this planet, when near opposition, in the 
years 1818—1826, with the factors for reducing them to errors of heliocentric longitude. Ai’e your reduc¬ 
tions of the planetary observations so for advanced that you could furnish those data? and is the request one 
which you have any objection to comply with? If Mr. Adams may be favoured in this respect, he is frirthor 
desirous of knowing, whether in the calculation of the tabular errors any alterations h.ava been made in 
Bouvord’s Tables of Uranus besides that of Jupiter’s mass.” 

To this application, Mr. Airy immediately returned this reply:— 

Royal Obaorvaioiy, Qroonwiob, 1844, Feb. 15. 

“ I send all the results of the observations of Uranus made with both instruments (that is, the helio¬ 
centric errors of Uranus in longitude and latitude from 1764 to 1830, for ah those days on which there 
were observations, both of right ascension and of polar distanoe). No alteration is made in Bouvord’e Tables 
of Uranus, except increasing tire two equations which depend on Jupiter by part. As constants have 
boon added (in the printed Tables) to make the equations positive, and os part of the numbers in the 
Tables has been added, part of the constants has been subtracted from the iinal results.” 

Dates now begin to be of paramount interest in the story, since a very discreditable rumour ob¬ 
tained among the Domotm of science, to whidr wo must presently idludo, on account of its notoriety. 
The next letter which appears, shows that Mr. Adams derived advantage from the communication; 
it is from Mr. Challis to tlie Astronomer-Royal:— 


“ Cainbridgo Obaorvatory, Sopt. 22, 1846, 

“ My friend, Mr. Adams (who will probably deUver this note to you), has completed his calculations re¬ 
specting die perturbation of the orbit of Uranus by a supposed ulterior planet, and has arrived atrcsults which 
he would be glad to communicate to you personally, if you could spare him a few moments of your valuable 
time, llis calculations are founded on the observations you wore so good as to firmish him with some time 
ago; and from his character as a mathematician, and his practice in calculation, I should consider the deduc¬ 
tions from his premises to be made in a trustworthy manner. If he should not have the good fortune to see 
you at Greenwich, he hopes to be allowed to write to you on this subject.” 

To this Mr. Airy aiipcnds a remark: “ On the day on which this letter was dated, 1 was 
present at a meeting of tho French Institute.” This incidental observation, plig ht, as it is, had 
raised a bubble in the minds of some of the magnates of the periodical press, and several of their 
followers. A sturdy assailant took the field in the Mechanics’ Magazine, and, unprovided with 
either proof or probability, trumpeted the delinquency of the Astronomer-Royal to the world: how 
drat he, sojouming in Pdris, did then and there most imprudently, os well as naughtily, let the cat 
out of tiro bag, suppHed Le Verrier with Adams’s work, and informed the wondering Frenchmen 
all about tho new planet. Yet tliis Seer cannot have had the sHghtest basis for so barefaced an 
assertion; for from the inconti-ovcitible internal evidence of the Report read to tho Astronomical 
Society, and which we are quoting, die Astronomer-Royal must be acquitted of tho silly but foul 

3 H 2 
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cliargd by eyery pure-minded investigator. On receiving a copy of Lc Vcrricr s Mciiioii, on tiic 
23rd or 24^1 of June, of tbc foELowiug year, be tbus returned bis acknowledgments; 


“Royal ObBervatory, Grocnwiob, 384G, Juno iiG. 

“ I have read, widi very great interest, the account of your iuveatigations on the probable place ol a 
planet disturbing the motions of Uranus, which is contained in the Compte Refixdu do HAcad&inio ol June 1; and 
I now beg leave to trouble you witli the following question. It appears, from all the later observations of 
Uranus made at Greenwich (which are most completely reduced in the Greenwich ©bservations of each year, 
so as to exhibit the effect of an error either in the tabular heliocentric longitude, or the tabular radhis 
vector), that the tabular radius vector is considerably too small. And I wish to inquire of yon whether this 
would be a consequence of the disturbance produced by an exterior planet, now in the posilioii you havii 
indicated? 

I imagine it would not be so; because the principal term of the inequality would probably be analogous 
to the Moon’s variation, or would depend on sin. 2 (u —v ) ; and in tliat caso the periurbation in rsuliiis vocliOJ 
would have the sign — for the present relative position of the planet and Uranus. But this analogy is 
worth little, until it is supported by proper symbolical computations.” 

Now licre there is not the most distant allusion to Mr. Adorns, which must have boon llie cua(‘ 
had tlie writer committed himself at Paris, after the manner so deliberately alleged. 

Most of Adams’s Irlcnds wore staggered by the boldness of his problem, as announced by so young 
a mathematician: and though he showed that his hypothetical body would satisfy all the anoiualitiH 
in the most trustworthy observations of Uranus, still, under whattlicy deemed a justifiul)le seo])tic*.isin, 
they lost tho moment for victory. Had there been hope and confidence Lc Verricr and Adiin^s nuist 
have clianged places; hut while the former was brought out in Ml daylight, the hitter was sliroiulcd 
in Bcorccy—or at least to what in effect almost amounted to secrecy. Though the basis was soiiml, 
there was not sufficient faith; so that even this, the first instance of a solution of the abstruse and 
difficult analytical investigation of the inverse problem of perturbations,* was not made pul)!^. It 
was unfortunate that it appeared to the Plumion Professor as “ so novel a thing to undertake ol^soiwu- 
tions in reliance upon merely theoretical deductions, and that, while much labour was certain, suce.oss 
appeared very doubtful,” that he neither engaged in tho pursuit lumsolf, nor afforded to otliei's the 
means of doing so. Under a similar misgiving, the Astronomer-Royal says, that when he found L(*. 
Verrier’s place for a disturbing planet was the same, to one degree, os that given by Mr. Adams’s cud- 
culations, which he had perused seven months earlier, he began to look to it. “ To tliia time,” he 
says, I had considered that there was stiU room for doubt of the accuracy of Mr. AduniH’s inves¬ 
tigations; for I think that tlic results of algebraic and numerical computations, so long and so com¬ 
plicated as those of an inverse problem of perturbations, ore liable to many risks of eiTor in the 


♦ The inverse problem of perturbations, is that in whicli the compulations may be made from apparently 
anomalous motions in the body under influence, and not from the known attractions of the body influencing: in other 
words, from known disturbances of a planet in known positions, to find the place of tho disturbing body at a given 
time. Here, as the reason necessarily bears from the effect to the cause, and not from the cause to the effect, for 
that was unknown, the problem was one of extreme difficulty, and heretofore—as far as we know—untried. 
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details of tke process. I know that there are important numerical errors in tlic Micanique Cileate 
of La Place; in the TMorie de la Lnine of Plana; above all, in Bouvard’s first Tables of Jupiter 
and Saturn; and, to express it in a word, I have always considered the correctness of a distant 
mathematical result to be a subject rather of moral than of mathematical evidence. But I now 
felt no doubt of the accuracy of both calculations, as applied to the perturbation in longitude. 1 
was, however, still desirous, as before, of learning whether the perturbation in radius vector was 
fully explained.” 

The latter remark brings us upon anotlrer point in tliis curious and eventful bit of history. 
When Mr. Adams made Iris first statement, Mr. Airy most propei’ly requested to know, “ whether 
the assumed pertubation will explain the error of the radius vector of Uranus?” To tliis inquiry, 
from some unexplained cause, no immediate answer was returned: but on asking Le Verricr tlie 
some question, he received a ready and precise reply,—that the radius vector was rectified by itself 
without its having been taken into direct consideration; and he added, Exemez moi^ Monsieur^ 
insister sur ce point. C^est une suite du ddsir que fai dohtenir votre suffrage'' Wo can readily 
allow for the cautious feeling which made this question so strongly insisted upon, as a crucial 
instance of tjie actual strength of the discovery, and it ought to have been answered in some way or 
other: but unfortunately no reply was given. But this should not have made on obsliTiction, especially 
os Adams had eliminated all the errors of longitude, which was his principal object; and it seomg 
that he actually employed a method of calculation which required him to compute the co-efficientB 
of tlic expression for error of radius vector, before computing tlio co-efficients of the ox])re3sion for 
error of longitude. It is, tliorcforc, to be regretted that this co-ordinate should liave impeded Llu^ 
Cambridge correspondence by giving, however unintentionally, the appearance of a slight to the 
referee. Nor is tliis the only vexation. Adams’s definite results ought to have been printed, at 
least, immediately on the appearance of Le Verrier’s first announcement; and Mr. Airy has stated 
that, had he received an affirmative reply to Iris question, he would at once have exerted all the 
iiilluence he inight possess, to procure the publication of Mr. Adams’s theory—dii'cetly or indirccLiy 
—tlu'ough Professor' Challis. 

The plot was now tliickening. At a meeting of the Board of Visitors of the Eoyal Observatoiy 
at Greenwich, at which we were present, the Astronomer-Royal alluded to the imjjending diseoveiy 
of a new planet, since there was a singidar accordance between the investigations of Adams and Le 
Venier, who, although starting on the same principle, hod arrived by independent trains of reason ing 
at tlic same result. From this remark—and here we speak advisedly, though not in accordance 
with M. Arago’s argument—originated the eloquent expression of Sii’ Jolm Herschel to the British 
Aasociation, at Southampton, on the 10th of September. Having observed tliat the lost year had 
given anoiher new planet {Astrea) to our system, he added,—“ It has done more; it has given us 
the probable prospect of another. We see it as Columbus saw America from the shores of Sjmin. 
Its movements have been felt, trembling along the far-rcaclung line of our analysis, with a certainty 
hardly inferior to that of ocular demonstration.” And the same discussion led Professor Challis to 
contemplate a search for the suspected distiu’ber,—a search not before thought of, seeing that he 
hud already full work of his own to labour through. 

Tlic Astronomer-Royal transmitted to Cambridge suggestions for the examination of a region 
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of tlie heavens 30° long, in the direction of the ecUptic, and 10° hroad, having the theoretical locii. 
of the planet at its centoe: and at the same time he made a liberal offer of iissistance, even at his own 
cost, die which, to oiir surprise, was not accepted. A ino<lification ol the siiggositd plan wiih 
adopted, regular approaches were formed, and 3,160 positions of stars were recorded; hut it so 
happened that this was liie sweeping a large Turkey carpet in quest of a missing diamond, which 
might hnve been detected by its inherent biTUiance on the spot where it was dropped; and ihoiigli 
this course was adopted to prevent ultimate disappointment, yet, as we presume, a carolul scrul-iiiy^ 
with the large and powerful telescope employed, must have produced die planet m the early piirt ol 
August. The opportunity of first announcing its optical discovery was lost. Mr, Adams liml louiid 
the mass to be about three times that of Uranus, and had thence inferred that die brighUiesH would 
not he below that of a star of the 9di magnitude; hut his consequent request that die planet luighl 
be sought for by its physical aspect was neglected. This is matter of regi’et, since, Irom tlu‘. sur¬ 
passing interest of the question, it ought to have been fished for nine months before, namely, in 
October, 1845, when both the prediction and the detection would infallibly, and witbout eompidi- 
tion, have fellen to Cambridge; and England would bavc enjoyed an incontestable right to a sort 
of astronomical feat which, great as she is, she is most in want of. The following are the oleiiuuits 
on which the scrutiny was eventually conducted:— 



Hypothe&is 1. 

UyputiiOHiR It. 


O 

II 


Mean Longitude of Planet, 1st Oct., 

1846 325° 8' 

323“ 2' 

Longitude of Perihelion . . 

.. 815 67 

299 11 

Eccentricity . 

. . 0-1C108 

0-12002 

Mass (that of Sun being 1) 

.. 0-0001C6G8 

0-00015003 


Such being the conditions of the case, we must proceed to consider them, and w(‘. trust at Kuist 
to bring impartiality to bear. According to the Astronomcr-Royars ineontcBtable eviilenc.ci, nt) 
doubt can be entertained of Adams’s being de facto the first to predict the existence and loe.us of a 
new planet. Such a body was b,priori probable; and the skilful geometer showed, liy giving all 
the possible elements {node and inclination out of the question) and the place at a given — 
that such a body would satisfactorily account for iJie errors observed in the motions of Uvanus. 
Why he did not explain Mr. Airy’s query about the radius vector is not in evidence; but the C‘rrors 
of that condition ore readily deducible from both the ahovc-cited hypotheses. It is also now 
clear that the Cambridge astronomer had actoally got sights of the planet on the 4tli and the 12tb 
of August, seven weeks before Dr. Galle’s discovery of it; but he assuredly was not aware of it; for 
he says—“ After four days of observing, the planet was in my grasp, if I had only emmtned or 
mapped the ohsefvaiiions^^^ —“ my observations would have shown mo the planet in the early jiart of 
August, if I had only dieaussed them'^ I lost the opportunity of announcing the discovery, hy 
deferring the discussion of the ohservaldons^ being much occupied witli the reductions of comett 
observations, and little suspecting that the indications of theory were accurate enough to give a chance 
of discovery in so short a time,** That the observer was not really aware of the planet’s having betm 
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caught, and that he did not even expect it was, is evident from the following letter, written by him 
to the Astronomer-Royal:— 


“ OambrldgQ Oliaorvatory, Sept. 2, 184G. 

“ I have lost no opportunity of searching for the planet; and, the nights having been generally pretty 
good, I have taken a considerable number of observations; but I get over the ground very slowly, thinking 
it right to include all stars to 10-11 magnitude; and I find that, to scrutinise thoroughly in this way the 
proposed portion of the heavens, will require many more observations than I can take this year.*’ 

And he further declares, that, on receiving tidings of the planet’s discovery at Borlbi, ho was so much 
impressed with the sagacity and clearness of M. Le Verricr’s limitations of the field of observation, 
that he instantly changed his plan ol observing, and noted tlio planet, as an object having a visible 
disc, on the evening of the same day! Indeed the Professor’s own statements open tlic door of contn)- 
vorsy, both as to the actual discovery and the precedence of publication: “A comparison,” ho says, 
“ of the observations of July 30 and August 12, would, according to the principles of search which 
I employed, have shown me the planet. I did not moke the comparison of it till after the detection oj 
it at Berlin, partly because I had an impression that a much more extensive search was required io 
give any probability of discovery^ and partly from the press of other occupations.” And tliough lie 
noted the planet on tlie 29th of September, he merely directed his assistant to write against that 
star, it seems to have a disef —so that uncertainty reigned tUl tlic Berlin news arrived on the 1st 
of October, when “ all was light,” The Cambridge measure was both regular and sure, but was 
deficient in faith and alacrity: nor can we ponder on the grand event without a strong sensation 
of I’cgi'ct tliat the illustrious rivals were not practical astronomers as well as gi’cat mathematicians, 
so tliat, instead of heating the hush for aid, they could have observed for tliemselvcs. 

As M. Lc Vcrrici'’s Memoirs were under publication, it became necessary to print also Mr. 
Adams’s calculations and foiinuhxi; but, since an unavoidable deky must occur in (lie medium 
which ho resorted to, Lieutenant Stratford, the able Superintendent of the Nautical Almanac, come 
to his relief by a timely offer of printing the document as a Supplement for the Epliomeris of 1861, 
but with a view of circulating a number ol* copies of it forthwith. This will be best told in Qie 
Lieutenant’s official notice prefixed to tlic paper: 

“ This paper was communicated by the Author to the Royal Astronomical Society, and was read to 
that body at tlieir ordinary meeting on November 13, 1846. The press of the Society being engaged on tni 
extensive paper on the longitude of Valentia by the Astronomei'-Royal, and it being deemed of national im¬ 
portance that Mr. Adams’s paper should be submitted to the world without loss of time, application was 
made to Capt. W. II. Smyth, R.N., President, and to the Rev. R. Sheepshanks, Secretary of the Society, 
who, with tlieir usual promptitude and zeal, granted permission for the immediate printing and publishing 
of the paper by the Nautical Almanac Olfico; and it is under these ciroumsLances that the investigations 
of Mr. Adams first appear os an extract from the Appendix to the Nautical Almanac for 1851. 

W. S. Sthatfom), Superintendent of the Nautical Almanac. 

“ Nautical Almanac Office, 3, Vonilam BuidingB, GLmy’s Inn, London, 

“ December 31 hL, 1810." 
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The publication of his method showd that Mr. Adams had not amvcd at his ctmclusioiiH .y 
rough estimation, or graphical leaps; and that while his advanco was caukoiis, Ins Btcps w.uv 
masterly and refined. But though he was thus raised in the public opinion, il did not sluiKo a 
V errier’s claim a whit. The completeness of that thorough geometer’s work, added to the "re or y 
-with which he conjured Astronomers to mark down the quarry, excite our waniusi at ini 
ration. No petty jealousies ought to defile this feeling. By aU the rules of fair adjudication, I he 
noble prize is his; nor has anybody tendered it in more appropriate and truly liberal tcnim than iia 
excellent competitor. “ I mention these dates,” says Mr. Adams, “ merely to sliow that my results 
were arrived at independently, and previously to the publication of those of M. Lc Verrier, mu 
not with the intention of interfering with his just claim to the honour ol tlio discovery; lor theu. is 
no doubt that his researches were first published to the world, and led to the actual discovery ol 
the planet by Dr. GaUe; so that tlie facts stated above cannot detract in the slighlosl ilegreo Irom 
the credit due to M. Le Verrier.” This is somewhat of a contrast to the virulent conduct ol eortam 
French journalists, and the frothy excitement of others on record, who cannot plead the j.rovcrliial 
hastiness of youth in extenuation. Even the liberal Mons. Arago, albeit dcHglitcd at our system 
being enriched with a new constituent, would not only have ignored and swomiicd tlii! (/uirdiridgo 
eflhrts, but most precipitately and harshly enounced—that Mr. Adams is not entitled to the dyhlfot 
aKiiwon in the history of the discovery! ” {Comptes Bendus, 19 Oot, IMG.)* But M. l>iot, ou 
the contrary, giving full credit to our countryman, thus speaks:—“Jo no pai’le jias ici diiprcs 
ce sentiment d’^goisme gdographique, appeld si impropiemont du patriotisme. Lcs os]>rita voucs ii 
la culture des sciences ont, £l mes yeux, une commune patrie intcllectiiclle, qui cinbrusso tons ios 
degrds d’dldvation du p61e.” This is the language of true philosophy: it is ccrlahily iio disparage¬ 
ment of Adams’s clnnTnH to distinction, to say that the glory of this discovery belongs to Lc Verrier; 
nor does a fiill acknowledgment of the merits of the one detract from those ol the otluir. 

Still the sound and bnlliant claim of Mr. Adams has been rather tomislicd than ollicrwisii liy tlu: 
well-iatentioned but injudicious clamour of over-zealous Mends, some of whom would fain throw Lc 
Verrier overboard. Of this a remarkable instance occurred at theTorcciiteniuy dinner of'rriuily (’ol- 
lege, on 22nd December, 1846. On this occasion the Chairman declared, in Arago-iiiun ussuinplion, 
to the assembled guests—“ If they needed anything to remind them of that {the nemdly of Colhiifiv 
maintaining a oommunity of interest), they would find it in die reflection that the great disi'ovcry 
in Astronomy by which this age would be known, was due to one of their friends on the, other side 
of the wall. ” t {Loud cheek’s.) This, like the food and the wine, was willingly swallowed; hut wo 
are compelled, by the facts before us, to consider it as a decided over-statement, or rather a post- 
prandium ebullition. StiB, springing as it did from tiie University banquet, the nows quickly flew 
throughout the land on the wings of the press; yet, had not Le Verrior’s announcement of the ])lanot’8 

• Arago acknowledges tliat Adams investigated the problem with ability, and Holved it, but (binios tlint his 
labours contributed to the discovery ; “ Mais, je me hfiLto de le dire, Mr. Adams no publia ricii, et son travail, tros- 
bien fait d’tuUeurs, ne servait en aucune fa^on h faire d4couvrir Tastre inconnu.” Nay more, in his recent list of 
astronomical events, published after he had had sufficient time to cool and relleci, lie names Lo Verrier and (iulle, 
but omits all mention of our countryman. 

t To those who are unacquainted with the topography of Cambridge, it may be told that a high wall divide 
the Colleges of Trinity and St. John’s. * 
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lijciis uppctircJ, it ia not imj^robablc that no largo telescope would have been directed to the heavens 
in search oi it. To be sure Mr. Adams might have still worked at his theory—he might have insisted 
on its publication in its then state—he might have published it liimself—or he might have com¬ 
municated lus cloinonta to tlio Astronomical Society, &c., &c.; but this is quite irrelevant^ for none 
of these things wore done, and no telescope was expressly turned to the sky till the publication of Lc 
Vevrier s results it to be done. We cannot therefore understand—whatever claim may exist 
on other scores—^liow the discovery of the planet was “due'^ to Mr. Adams’s researches. Assuredly 
the contrary is the case. Gallo looked for it and found it by Lo Verrier’s instructions solely. No 
Olio can show that he looked lor it purely and simply by Adams’s, nor was it begun to be fished 
I'or lierc before we had a knowledge of Lc Verrier’s conclusions. Q. E. D. 

A very secondary kind friend took up the cudgels, and, in a ‘presto’ book about Neptune, bela¬ 
boured the Eoyid Society witli an explosive discharge of turgid bombast. Forgetting what Shakspeare 
(lc*cn‘ed, luiinely, that “ an two men ride a horse, one must ride behind,” he thus levels the brutum 
fuhnrn: —“ Tlie most venerable Society through its history in Europe—which, in its place as the 
assumed and sustained head and fosterer of British endeavour, coidd—in that hour, too, of difficulty, 
it might twen be of despondency, because of misfortune and menaced injustice—overlook Mr. 
Adams’s evcM’-numiorable elforts, and, without one word of apology or explanation—without inquiiy 
even—nish past to his rival and lay its honours nt his feet! I understand the vindictiveness of 
Arago—I can understand on his part a vehemence prepared even to crush—^worthily or otherwise 
--alikcMruth and opposition; for la Grande Nation \ivlb never been in high repute for tenderness 
towards men who vvcmld Hliiire its glory, or of toleration for foreign claims. But that the body in 
England whose duty—if not its foremost one, certainly with lower sanctions than none—has been 
und(*rsLood by the State to be protective ol'the rights of its meritorious countrymen—that this body, 
('■.oiU]')oS(‘,<l oi’ the elite of Bntish men of science, and of British noblemen and gentlemen, should 
!uiv(‘ bowed iLsidf before Gallic pretension, and purchased some hollow compliments about liberality 
and Iri^culom from jirijudico, by the sacrifice of the then obscure graduate of Cambridge; yes, this 
iilmosL inclines one to hope that the name of Adams may never illustrate its roll! ” 

This trash would be libellous, l)ut that—from its utter want of truth—it never could at all injure 
the Royal Society, We can here speak point-blauk, having been upon the Council in 1846, and also 
chainnati of tho commiLlcc which recommended Lc Vender to the Coimcil’s notice, for his investi- 
galioiiH ndative to the disturbances of Uranus, by wliich he proved tlie existence and predicted the 
place of the constructive planet—a prediction, confirmed as it was, to he considered among the 
j)n)udest trliiinplis of modern analysis as applied to the Newtonian theory of gravitation. There 
was one medal to award, and the opinion of the true Britons in conclave was, that they assigned it 
to a meritorious and amazing stretch of science and intellect: and moreover the step was taken 
btdbre a single puhlicatiou by Mr. Adams, or any of his friends on hishehalf, had been made. But 
on tli(',2Hthof October, 1847^ the Astronomical Committee of tlie Royal Society, at a sitting which 
we ulho attended, recommended to the Council to award the Copley medal to that gentleman for his 
iTU|uiri( 5 S relative to tho anomalies of Uranus, and for his being die first who applied the theory of 
])(irturbations inversely, to discover, from the disturbances of the perturbed body, the place and ele- 
mcn Ls of motion of the perturbing body. But as Sir J ohn Herschel had been nominated for that year s 

3 I 



4i26 


TnS ISfEW PLANET NEPTUNE. 


medal, in recognition of liis splendid gratuitous labours in South Africa, Mr. Adams received the 
one for 1848, and in June 1849 ho was unanimously elected a Fellow of the Royal Society. So 
much for the Glasgow Professor of Astronomy I 

Under such imquestionablc facts, the debate of absolute prioiity is one of grave import, and 
must ultimately depend upon what may be deemed tlic publication of the problem in cpicstion. A 
large and rather inHucntial party adliere to a somewhat lop-sided decision of the deplorable contest 
between Leibnitz and Newton, and cite all sorts of unilateral incidents, which may be deemed rathe]- 
exceptions than rules: but in the present “ enlightened” day, one would no more think of reverting 
to logogriphes than of sending a parcel by paekliorse to Bristol. The custom of Galileo and Co. 
would be about as antiquated as now keel-hauling a sailor for rapping out an oatli would be. Wo 
give Mr. Adams the full benefit of that axiom in law, which decides that such evidence as a jury 
may have by their private knowledge of facts, has as much right to sway their judgment as the 
written or parole evidence wlxich is delivered in court: but we also recollect that in law, ever 
since the dispute between Euphorbus and Mcnclaus, it is contested whetlicr he that first wounds a 
beast tlmt is classed among \h.Qi feres naiurm^ or he that kills it, was to bear off the spoil and quarry. 
In the ease before us, it seems that Adams shot at tlie stranger, but Lc Vemer brought him down. 
It were better, therefore, that they remain Arcades-ambo through successive ages tliau attempt a 
division of interests: joined, os Horachcl says, by Genius and Destiny, they must pass to posterity 
as the Siamese twins of Science. Lord Mansfield, however, if we may judge by his iinportant 
decision in Dollond’s celebrated achromatic-telescope trial, would have declared for the Frenchman: 
when it was pleaded as an objection to Dollond*s patent, that Dr. Hall had made the same discovery 
many yearn before, hivS Lordship held that, as the public were not acquainted with the fact, Mr. 
Dollond must bo regarded as the true inventor: he was not only a discoverer of it as well as Dr. Hall, 
but, being the firaL publialier^ was fully entitled to all the benefit. So Waiing also states—“ That per¬ 
son is the inventor who ^mtpuhliahca his discovery;” but if, from dilfidcnce, design, or careless¬ 
ness, he does not commimieatc it, then such Idohetd establishes a second-comer in equal rights. 

These considerations involve a sort of necessity to offer a few words on the recent conduct ol' the 
Royal Astronomical Society also, in regard to the non-award of their mcdnl in the present impreco- 
donted instance, an instance such as can seldom occur, and probably never will recur again. It is well- 
Imown that it is in the power of the Council of this meritorious Society to confer one gold medal 
annually upon the most important astronomical discovery of the year. But to prevent the award of 
medals to unimportant communications, a bye-law—and perhaps a wise precaution—requires that 
there shall he a majority of votes of tlircc to one in order to give the prize. On this occasion there 
was a serious difficulty: two opinions prevailed—first, that a medal should be voted to M. Le 
Vender alone; secondly, that, unless a medal were also given to Mr. Adams, a great injustice 
would be done. But the whole imbroglio will best appear, on citing the official minutes of their 
Anniversary Meeting; and thus they i‘un— 

^‘Friday, February 12, 1847. 

Capt. W. H. Smyth, R.N., President, in the Chair. 

Were it intended to describe the results of the century instead of the current year, the subject to which 
your Council now come would lose none of its prominent interest. The prediction of a new planet, on 
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grounds derived from calculation only—the fulfilment of that prediction—the attainment of the solution of 
the inverse problem of peilurbation—mark the years 3845 and 184G with an importance whicli belongs to 
no period except that of the announcement of the theory of gravitation tuid of the publication of the 
Principia, 

^ )t 

‘‘ The facts connected '\vith tliis singularly splendid triumph of mind over matter have been much dis¬ 
cussed, and are now fuUy published. The statement made to this Society by the Astronomer-Royal in 
November, the Memoirs of M. Le Verrier, the Memoir of Mr. Adams, and the statements made by Mr. 
Challis, and in various numbers of the Comptes Rendus, have put our Fellows in such possession of the ab¬ 
solute circumstances of the case as renders any detailed account of them uuncoessary in this Report. It for¬ 
tunately happens that thei'e is no one disputed fact; but upon the construction of the facts, and upon the 
meaning of words, there are difierenccs of opinion, at least as wide as tboso which have always existed u])on 
the great question of the claims of Newton and Leibnitz to the invention of Fluxions. 

In one thing there is general agreement, namely, in giving both to Mona. Le Verrier and Mr. Aclama 
the highest order of praise and admiration. As soon as they ai'o compared, till manner of opinions are found 
to pi'evail as to their relative positions; but on the absolute character of the rank taken by the labours of 
both in tlxe history of astronomical discovery there can be but one J’eeling. 

“ Under these circumstances, it will be matter of regret, but hardly, all tilings considered, one of asto¬ 
nishment, that your Coimcil has not been able to give any verdict upon the disputed maud's of opinion, nor 
to afford, to any conclusion, the sanction which would be considered as implied iu the award of a medal to 
M. Le Verrier, to Mr. Adams, or to both. Such a tribute is not needed by either; and your Council dis¬ 
tinctly request it may be understood, that, in making a statement of the eirouinstances under which they 
have failed to arrive at a decision, they are simply accounting to their constituents for llioir own conduct, 
and not intending to draw any conclusion upon the controverted opinions, l^erliaps there is not one among 
them who does not, more or less, censure the collective body to which he belongs for not adopting a positive 
course; while, perhaps, there are very few indeed who could agree upon any one mode of proceeding. And 
it is by no moans improbable, that the same general wish that something had been done, and the sumo 
disagreement as to what it should be, which has prevailed in the Council, would also prevail in Ihe Booiety. 

“ By our bye-laws, only one medal can be given in any one year; but it is in the power of a General 
Meeting, at the proposal of the Council, to suBi)cnd or abrogate any bye-law. Again, by the same laws, till 
propositions for Uxe award of medals must be made and seconded in Noveinbcr, and tiiken into considera¬ 
tion in January. That no possible view of the case might be precluded from discussion, the individual 
members of the Council, with whom every such proposition must originate, loolc care that the list of those 
nominated for the medal in November last should contain all the names which could by posBiljility come 
into question. 

The first point of discussion was, whether it would be expedient to recommend the General Meeting to 
suspend the existing bye-law, and to give the power of awarding more than one medal. Tliis, it is very 
obvious, has in itself a question of expediency, totally independent of the particular circumstances under 
which the permission is sought: and a motion was maxle to tlic effect that such a course was not expedient. 
This motion was carried; and, as it may be presumed that the groiuids on wliich it was brought forward ju*e 
those on which it was conied, the Council think it right to state those grounds. 

** In carefully guarding the decisions of the medal, by placing such awards wholly in ilio Lands of the 
Council, and declaring that no medal shall be given by tlie Society at hirge, the latter body has made a 
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standing confession of the obvious truth that a largo assembly of men, interested in astronomy in very diiler- 
ent ways, does not form so proper a court for tlic decision of delicate questions of personal merit as a smaller 
body, chosen by themselves, out of all whose occupations -will allow of their attendance, as a specified number 
of those who are boat qualified to conduct the affairs of the Society. If wc consider how many proj)ositions 
it is open to any Fellow of the Society to make, and how few are made except tlirongh the Gouncil, it would 
appear that the general feeling is, that the letter of the law respecting medals is only the expression of the 
spirit in which the Society desires that its business should be conducted. 

was conUmded that this spirit of our laws would be violated, to the introduction of every disadvan¬ 
tage which those laws were intended to avoid, if a more than usually difficult question were subinitLcd to the 
Society, of the very kind which the Society had pcculiai'ly delegated to the Council, even in tlie ordinary and 
easier cases. Taking it for granted iJiat the law was adopted for wise reasons, it was urged that, it would be 
highly improper to force upon the general body the public discussion of the nicest question of rehiLivi* 
merit which has arisen for more llian a century; and it might reasonably be expected that the exla*eniea oi* 
opinion foimd to exist in the Council migliL be taken as a low estimate of those* to be looked for in a large.]’ 
body. The motion founded upon tliia view of the case was carried. 

It being then decided that no recommendation to depart from thr usual course should ernanaU*. from Ihe 
Council, the question to whom the one medal should be awai'dcd necessarily followed. The claim iii’st con¬ 
sidered was that of M. Le Vorrier, whose name stood first on the list. This medal being,under tlu* oirctnn- 
slances, an expression of opinion upon a matter likely to be long under discussion, or at Iciist certain lo he 
so inlerprctcd both at home and abroad, it aeoma to have been thought by several that an award Lo M. Lc 
Verrior, unaccompanied by another to Mr. Adams, would l)c drawing a greater distinction between tlie two 
than fairly represents the proper inference from facts, and would be an injustice to the. latter. Accordingly, 
on a ballot being taken, it appeared that the majonty in favoiu’ of tlie pro]ioaition was not sufiicient to carry 
it, the by(‘.-la-ws requiring that no medal should be awarded upon any majority of less than three to oru*. 
No award could therefore he made; and the Council can only conclude upon this matter, that the diil(*rciicc*s 
of opinion prevailing among the members rcndcT it impossible for them, as a body, to olfcr any statement 
upon the controverted points of the question. 

“ Perhaps it would not be improper to add, that, in a question in which a French and Englinh cliiini are. 
mixed, in a manner which requires a perfect absence of national feeling lightly lo settle, it is not to be 
regretted that this Society should thus have been compelled, by tlio action of itb own laws, lo refer the 
decision to the astronomers who axe of neither of the nations thus placed in opposition.” 

The Report having been read, it was proposed by Mr. E. Taylor,—Seconded by Captain Sir John 
Ross; ‘ That the Report of the Council now read be received and adopted; and that it bo printed and cheu- 
lated in the usual manner,’ 

‘‘Proposed in amendment by Mr. Babbage,—Seconded by Dr. Fitton: ‘That tliis Mooting express 
their deep regret that the Council have not awarded the Society’s medal to M. Le Vorrier, for his publication 
of the greatest astronomical discovery of modem times.’ 

“ This amendment was negatived, 

“A second amendment was Proposed by Lieut. Rapor,R.N.,—Seconded by Capt. Bethunc, k.N.: ‘ Tliat 
it is the opinion of the Meeting, that the unprecedented discovery of a new planet by tlieorctical researches, 
and the acknowledged title of M. Le Vorrier to the honour of that discovery, demand for him some special 
mark of the approbation of this Society; that it be recommended to the new Council to convene a Special 
General Meeting of the Society, on as early a day as may be convenient, for the purpose of suspending 
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Articles 2, 8, and 4, of Section 16 of tihe bye-lnwa; and that the printing of the Eeport be deferred till tlie 
sulyect shall have been brought under the consideration of such Special General Meeting.’ 

“ This amendment was also negatived. 

“A third amendment was proposed by the Eev, R. Sheepshanks,—Seconded by Mr. Drach: ‘That 
a Special General Meeting be called to consider the propriety of granting a medal to M. Le Verrier, 
for his researches respecting the planet exterior to Uranus; and also a medal to Mr. Adams for his researches 
on the same subject.’ 

** Tliis amendment was also negatived, 

“A fourth amendment was proposed by the Astronomer-Royal,—Seconded by Dr. Lee: ‘That a 
Special General Meeting be called after the ordinary Meeting on March 12, to consider the following 
resolutions:— 

‘ That so much of the bye-law as relates to the number of medals which may be adjudged in any one 
year, the time of giving notice of the proposal for a medal, the time of adjudging the medal, and the time of 
presenting the medal, be suspended pro Me vice; 

“ ‘ That the Council be auUiorised to award two (or more) medals, if they shall deem it expedient to 
do so; 

“ ‘ That the award of the Council be communicated to the Society, and that tlie medal or medals be 
])resented at the ordinary Meeting of April 9th.’ 

“ This amendment was carried. 

“Proposed by Mr. De Morgan,—Seconded by the Rev. R. Sheepshanks: ‘That this Meeting be 
adjourned to Saturday, Feb. ISth, at 2 o’clock.’ ” 

Saturday, February 13,1847. 

“ 'rhe Society met at 2 o’clock, according to adjournment, Captain W. H. Smyth, R.N., President, in 
the Cli.'iir, 

“Proposed by Mr. Do Morgan,—Seconded by Sir J. Ross: ‘That the Report of the Council rend 
yesl^iday be received and iwlopted, and that it be printed and circulated in the usual manner, with nii 
account of tlie proceedings of tlie Meeting annexed,’ 

Proposed in amendment by Mr, Rabbage: ‘ That this Meeting do adjourn to a day to be named at the 
next General Meeting.* 

“ This amendment was not aocondod. The original Motion was then put and carried. 

“Proposed by Lieut. Raper,—Seconded by G. B. Airy, Esq.: ‘That the thanks of the Meeting be 
giv(m to the President for his conduct and temper in the Chair, during the continuance of this Meeting.’ 

“ Carried unanimously.” 

Tlic whole of these proceedings were conducted with sense and good feeling, although the 
combatants wore at times rather warmly engaged; the chief interlocutors being severally under the 
lull conviction of a righteous cause, in sifting the moat striking application of the theory of gravitation 
made since it IcfL the hands of Sir Isaac Newton. During the contest, all comparison between the re¬ 
spective merits of Adams and Lc Verricr was so discouraged, that the few remarks of the kind which 
W(‘re uttered, fell dead. The bone of contention was, therefore, as to whether the bye-laws should be 
tampered with, or any interference be made in the Council’s decision; that body having, as judges? 
actc<l to the best of tlicir abilities, wliich is the only obligation they arc morally placed under. 
Wl\cn the Special General Meeting assembled to bring Mr. Airy’s propositions under diseusBlon, on 
March 12th, an amendment wan proposed by Mr. Do Morgan: “ That, on taking all the eircuin- 
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stances into consideration, and particularly the existing differences of opinion on the subject, it is 
not expedient to propose to the Council to reconsider the subject of the medal.” Tins amendment 
was carried; and the Meeting broke up with the highest respect for the rival candidates. All hands 
were fully persuaded that the orbit of a planet exterior to Uranus had been defined, and its locus 
predicted, by Adams, with sufficient correctness for picking it up, in November, 1845, hatl it been 
duly fished afler; but that Le Verrier, on quite independent grounds, stepped in and triumphantly 
bore it off in September 1846. This is altogether a far more praiseworthy and gratifying specimen 
of competition between France and England, than some which might be cited. 

We were about to close our lucubration, when we suddenly recollected that the style and title 
to be assigned to the new planet, have excited almost as much fermentation as its discovery had 
evulgatcd. Shokspeare, it is true, somewhat tcmerariously demands—“What’s in a name?” but 
astronomers think, with Pythagoras, that “ it reqiiires much wisdom to give right names to tilings.” 
Hence tlic mighty turmoil which still distiu^hs the atmosphere of scicnco. While soukj wish 
the discoverer’s name to be attached to any ncwly-dctectcd celestial body, a still larger class .arc 
clamorous for retreating upon classical mythology, as neutral ground in unison with the existing 
order. Ophion, Gallia, Atlas, Chronos, Gravea, and Occonus, were severally proposed and injected. 
Janus—^proposedby Dr. Gallc—was ratlier favourably received, on account, it is insinuated, of one 
face of the Mfrom Dma representing the mathematical, and the other the physical discoverer: but 
this was opposed as being too indiscidminatc, A Iriend of elegant mind thought Minerva would be 
appropriate, despite of a little Pallas being already in the way: and Iljrpcrion, die offspring oi' 
Uranus and Terra, presented liimsclf, not as the Sun or die Sun’s father, but in capacity 
the TramGender^ or, more literally, above going. An Oriental scholar suggests a higher fiiglit into 
antiquity, and there picking up Sanchoniatho’s Elioun, the Hypsistus of Philo-Byhlius, becuusc' lie 
was the reputed parent of Uranus: hut, in quoting dicsc gendemen, wc trust we are not poaching 
on Ephraim Jenkinson’s ground, or otherwise distm’hing die shade of Goldsmith. Le Verrier him¬ 
self sanctioned Neptune, the designation conferred by the Bureau des Longitudes at Paris; and the 
sea-deity instantly gained the largest number of votes, especially as the typo was a trident imide 
from a monogram of the initials of the French geometer. So the symbol of Uranus identifies 
Herschcl; and by such arrangement the discoverer of a planet will ever he hold in honour and 
remembrance, whatever may ho the appellation of the discovciy. 

But, though most of the e merito astronomers signified dieir adhesion to Neptune, he was not 
allowed to walk the course. A terse Northern Professor, overlooking the marine deity’s alliance 
with us in ruling the waves, thus perorates:—“ The god is degraded, in the eyes of a r*ritou at 
least, by the disturbing influence of low and vulgar associations. For who can hear of Neptune as 
the name of the new planet, without being reminded either of tlic wooden sea-god that he has 
seen, trident in hand, in the poop of many a vessel, or of his living representative in the person of a 
sailor at the ceremony of Crossing the Line, or in some pantomime at Sadler’s Wells; or, it maybe, 
of some Newfoundland dog who rejoices in the name of Neptune ?” And is this the amount of what a 
British Professor knows of Neptuno 1 The unkindest cut of all, however, was given by our gifted 
friend M. Arago, who publicly pledged himself (jeprenda Vengagement), whatever might happen, not 
to call the stranger by any name except that of Le Verrier: a decision at which Le Verrier, who 
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wiia prosGiit at tlic sitting of tho Academy, says he was somewhat startled (Jai 6U un jpeu confua). 
The United Service to a man will, we expect, stick to Neptune and the Trident, 

Tlius endeth our story of the new Planet. To be sure Mrs. Borron, of Croydon, has publicly 
stepped Ibrtlr and insisted that Neptune is not the body sought for by Le Vender’s investigation, 
but a planet wliich happened accidentally to be in the field of tlie telescope when Dr. Galle made his 
scrutiny, Since this assertion was publicly made, our brethren on the other aide of the Atlantic— 
aye, and even some of Le Verricr^s own learned compatriots—arrive at the same conclusion, and 
have supported Mrs. Borron’s paradox by zc + ?/ — z. There ore certainly perturbations still to 
account for; and the mean distance of Neptune proving to be much less than the limits assumed, 
may indicate a change in tlieir very character—but surely the assault is premature. The erudite 
Professor Peirce communicated to the American Academy of Sciences, 16th March, 1846, the com¬ 
putations of Mr. Scax*s C. Walker, who had detected a missing star in the Histoire Cdkste Frangaise, 
observed by Lalande, on the lOlh of May, 1795, near the path of the planet Neptune, at that date, 
which may have been possibly the planet in question, Mr. George P. Bond, of the Cambridge 
U.S. Observatory, joined in the scrutiny of all the data; and the conclusion which these scientific 
gentlemen have seriously arrived at is, that ilia planet Neptune la not the planet to which geometHcal 
analysis had directed the telescope, OHEI 

Let the whole of the lepa (j>aXa/^^ of cosmopolite Geometers look well to this delusion, and 
unv(dl the happy accident to which the discovery of Galle is owing; let them kindly rememher what 
nil amount of probable error was attached to the conclusions, and find out whether the new planet 
is i'.upable of causing the perturbations in the motions of Uranus complained of; let them tell 
how qiiGcrly Lalondc'allowed Neptune to slip through his fingers, after catching him on the 8th 
iiml loth of May, more than 60 years ago; and finally let them fully revise the now-feulty elements 
ol’ the complicated motions before them. There wiU be time for all this before a.d. 1850, so 
that the approaching dccennium may pass in unity, peace, and concord. 


NO. IL 


REPORT ON BARLOW’S FLUID OBJECT-GLASS. 

{Referred to on page 158.) 

[From the Proceedings of the Royal Society for 1883-4.] 

December 12, 1833. 

FUANCIS BAILY, Esq., Vice-President, in the Chair. 

'Hie Reports received hy the Secretaries, from Sir John Herschel, Professor Airy, and 
Captein Smyth, on the Fluid-lens Telescope constructed for the Royal Society on Mr. Barlow’s 
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priuciplea, wore, by direction of His Eoyal Highness the President and Council, read to the Society 
at tills Mectiug. 


Sir John SerscheFs Report, 

I liavc seen Mr. Barlow’s telescope at Cambridge, and oxaiuined it on several objects, in a very 
fine night, the 25th (if I remember) of June. As I have now no time to give it any further trial 
at Slough, (where I have no longer, citlior, any achromatic telescope of sujfficicnt power to coinjiare 
it with, all my apparatus being dismounted and in course of packing,) I will here state in few words, 
as my report on it, all I could then collect relative to its action. 

1* A chromaticity, —Mr. Barlow’s telescope is remarkably free from the dispersion of coluiu’; 
very much more so than 1 could have expected from the natiu'c of the correcting medium, and 
nearly or quite as much as could be desirod. 

2. Light, —The great aperture is very efficient under moderate powei-s on Ciint objects, uiul it 
concentrates the smaller stars well, and would, T have no doubt, show the larger iiebulie, &c., and 
be weU available as a sweeping telescope, 

3. Distinctness,—Yisij good with powers under 100 or 150; but, on the occasion on wliicb J 
tried it, it seemed to break down under high powers, and there was evidently a considerable want oI‘ 
correction of spherical aberration. As I liad no opportunity of trying it in ditlerent temjK^ratun^H, 

1 cannot say whether tliis want of correction might not disappear in a different teni])(jrature_it 

was about 65® when I looked through it,—^neither could I ascertain whether tliis uros(^ from the 
glasses not being at the right distances, tlici-c being no means, or the means not having bc?eu ex¬ 
plained to me, by which the correcting lens could be got at, to shift it. 

4. A very troublesome degree of colour out of the centre of the field. 

This report is of course too meagre and imperlbct to conclude much from, but, as l)oth CupL. 
Smyth and Prof. Airy have examined it in much detail, I the less regret tliat my present circum¬ 
stances will not allow of my going further into the subject, 

J. P. W. IIehsujiel. 

July 23, 1833. 


Professor Airfs Report, 

From the pressure of business, I have had fewer opportunities of trying the telescope than I 
could have desired. The absence of bright planets also has prevented me from attending so much 
as I wished to what I regard as the most important point in this construction, namely, tlic coitcc- 
tion of colour. I have, however, had one excellent opportunity of obsciwing the moon, and liave 
observed several stars, single and double, and do not think that my opinion could have been altered 
by a greater number of observations. Tbc coixcction of colour is not complete, but it is mucli more 
nearly complete than. I <nq)eotcd, and vmy much more so than in a smaUer telescope of Mr. Barlow’s 
construction which I tried several years since. Tho colour is so far removed liiat it is not oflensivc 
tall a power of 300 is used. But with regord to this colour, there is one point of groat importance to 
bo noticed by any parson who shaU tiy the telescope in future. It is that, in consequence of the 
separation of the objeot-lenses, the only part of the field which can possibly bo firec from colour 
with a common eye-piece is in the line passing through the centres of the two object-lenses; and 
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tluit from tlic present imperfect centering, this line falls actually out of the field of the highest 
power (or quite on the edge). An eye-piece of a clilTercnt construction and adjusted with greater 
cure is necessary before any positive decision can be given. Witlv regard to tire definition of a star, 
it is not at present good, and the telescope is decidedly incompetent to separate any close star; but 
I regard tins as a fardt in the making of the surfaces, to which any telescope is liable, and which 
docs not inU'rferc at all in my estimation of tire value of the new principle of consti’uction. 1 know 
not how far a circumstance mentioned by Mr. Dollond (the alteration of spherical aberration with 
an alteration of temperature) may account for this; but so much of the irTcgularitics arc cut off by 
cutting (tir the external ring of the object-glass, that I have no doubt of its being due principally to 
the figure. 

My ojiinion is, therefore, lliat a larger telescope, as good of its kind as the present, would be 
very useful for ncbulic, «)ie.; and that, if freed from defects which do not appear to belong to the 
constmetion, it might he t^ual to any astronomical work except the examination of bright planets. 

I have laid the advantage of trying the Lclescopo once in company with Sir John Herschol, 
Sir David lirewster, Mr, Cooper, Dr. llobinson, and Professor Hamilton, and tlicir opinion, upon 
the whole, coincided nearly with miiu;. 

1 beg to suggest l.he j)ro])riety of attaching a finder to the telescope, as much time is lost ui 


seeking for any olijeet. 


G. B. Ajuy. 


Jime, ao, 


Captain SinylUs Jii’port 

I beg you will inform Ills Eoyal lliglmcss the President, and the Council of the lioyal 
Society, that 1 liave this day packed up the fluid refracting telescope of which tlioy have done me 
the honour ol’ asking my opinion, and that it will be forwarded to Professor Airy without delay. It 
might indeed have been sent to Cambridge sooner, but that I waited for the first quarter of the 
present moon, to test the light and the performance of the instrument; but J regret that, though I 
was eonsUinlly upon the Rjict, the weather has prevented my having an opportunity of catching her 
till she was past her dichotomy, and consequently too glaring for the purpose. 

On the arrival of the tch'ScoiK-, it was ciu-efully unpacked, and immediately mounted, for the 
moment, on tlm lower slab of the revolving roof of my polar-axis room. It was fitted by its two 
pivots to the iron crutch which was sent witli it, the upper parts of which wore cut into Y’s: the 
inner end was supported by Mr. Dollond’s ingenious “ oye-end stand. The instrument, however, 
was liable to tremor, both from the motion of the roof and iJic floor; but it enabled me to examine 
a few objects while poles were being prepared to form a bettor stage outside the Observatory. And 
1 should remark, that it was an-angod with Professor Airy, who favoured me willi a visit on llie 
occasion, tluit my experiments were to be entirely confined to the performance of the telescope, 
while he would investigate its principle. My ])ortion was to be governed by direct comparisons 
with my refractor, as a standard from which to assmne the relative merits of the two. That instru¬ 
ment has a double object-glass of 5n®„thB inches clear aperture, and 8J feet focal length; a space 
which I have good reason to think is accurately proportioned to the densities of the crown and Hint 

3 K 
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glasses: and, notwitlistanding tlie magnitude of the diameters, the curves of the lenses seem in 
tolerably exact chromatic and spherical aberration throughout. It may therefore be presumed to 
be a more severe reference than the dimensions alone would suggest. 

The temporary stage alluded to, outside the Observatory, consists of two upright beams of fii-, 
firmly driven into the bed of gravel which forms the substratum of the garden, and a cross-bar| 
strongly screwed, supports lie iron crutch with its Y’s. This is erected close to a platform and 
pier, which were built for some magnetic experiments, and afforded great facility in attending to 
the outer lens, and augmenting or diminishing its aperture. 'WMc looking towards the south, it 
com^nded from nearly a horizontal view to above 60° of elevation; and by unsliippuig it, and 
turnmg it northwards, it swept the polar region. Such being the means, it remains fuitlifully to 

report what I obsei-ved, regretting, at the same time, that the weather has continued mostly 
unfavourable. 

Monday, Feb. 25, 1833.—The evening cleared off, and was very^no from 8 till nearly 11 
0 clock P.M. At 7, I placed the instrument on its stand; at 9, the thermometer was 37°'6, the 
barometer 29’32, and the hygrometer -771; the wind was at S.E. 

1. The Moon.~Th.Q examination of the lunar cavities and shadows was rather unsatisfiictory. 
Under the powers 250 and 400, it bore the whole aperture; but with 90 and 150, there were two 
Jiectra, one of which haunted the centre. In definition, the dnid was exceUed by the iUut-gloss, 
both instruments being Ycry steady. 

2. Tlie great Nebnla in Orion.—Thia moss was seen very fairly with the whole aperture; and 
the tra^zrum was beautifully distinct under all the powers except that of 400. From tlie exjunina- 
tion of tins object, tlie best performance seems to be with the eyepieces 150 and 250. The relative 

light of the flint-glass and the fluid-refractor’s, when the latter was reduced to six inches of aperture 
appeared Tory nearly equalized. ^ 

3. FmMs.—Thisti-ial was altogether unsatisfactory, from the strong irradiation and the quantity 
of loose light. The planet was, however, low down in the west, in a stmtum of mist. The only 
power used was the one of 90 times; but there was a great defect in distinctness. 

4. Tins sto was in the S.W., and rather low; it was, therefore, as might have been 
expected, surrounded with teasing rays, through which I had some difficulty in detecting the small 
compamon. The star had a spurious but broken disc, and was fuU of colours in every port of the 
field except the centre, where they were partially destroyed. Powers 160 and 250. 

Tuesday, Feb, 26, 1833.—At 9 in the morning, with the thermometer at 38°-8, and the 
ygroraetor 798,1 examined an enamelled watch-face, which is firmly fixed upon a distant chimney 
of solid construction; and, though the solar focus could not be used, I considered sufficiently distinct 
^on would be obtamed to test the achromaticity of the telescope. The plate itself bore the trial 
better than did the edges of the oliimney-sides, where tbe focus could not be adjusted so as to pre¬ 
vent the alternate production of Hght green and purple mist, as the eye-tube was pushed in or out: 
and these colours scarcely disappeared, even when brought into the centre of the field of view 
Some of this might probably be coireoted by adjusting the fluid-lens for near objects: and Professor 
Barlow writes tome, that this can readily be done; but that he took off the screw head, by which it 
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is effected, to prevent mere lookers-on from deranging the instrument. The watch-face being upon 
a dark ground, I played the eye-tube till I procured a spurious disc over it, by which I was 
satisfied that the centering was very nearly accurate. 

I then left the telescope in statu quo^ and at half-past 12 again inspected it, the thcnnomcier 
being 47®‘6, the barometer 29*23, the hygrometer *789, and the wind S.S.W.; particulars which I 
carefully noted, for a reason wliich will presently appear. The watch-plate was now considerably 
plainer, and its figures more sharp and distinct; but the focus required shortening in; and, though 
there was less colour than before, I was surprised to find it verging to the prismatic extreme, and 
tinged with red; a circumstance which ocular foci, or the distance, would hardly account for. 1 
repeated the examination in the evening, when the thermometer was 45°’4, and tho hygrometer 
*790. I now found that the focus required lengthening; but tho vision was at its beat, and the 
colours had almost vanished, though a foggy spectrum was perceptible at times. High powers 
of course did not agree witli so near an object; but they were used without greatly distoiring the 
image. 

Thursday, Feh, 28,1833.—The weather was very fine from 10 to 12 P.M., though the wind blew 
occasioifaUy in hard squalls from tho S.W. The instrument appeared but little affected, and yet the 
observations were rendered unsatislactory by the frequency of these gusts. At 11, the thermometer 
was 38°'4, the barometer 29*45, and the hygrometer *723. 

1. G- Orionis ,—Saw 8 of the 10 stars which compose this cluster, but not sharp. This situa¬ 
tion was unfavoiuablc, it being two hours and a half off the meridian, and the S.W. quarter of the 
heavens was hazy. Tho power used was 250. 

2. f On'oju's,—This, of course, was very plainly seen; but 1 fished it up for its definition. 
The large star had a formidable nimbus, yet it did not prevent the increase of dark vacancy on 
raising the magnifying powers. There was much less loose light than I expected, and the small 
star was palpably of a pale blue tint. 

3. Riijeh —'This star was now too far in tho S.W. to be made much of: it was tremulous, and 
greatly irradiated under power 250. The companion was not visible, and there were two trouble¬ 
some spectra. 

4. Saturn .—The body of the planet bore magnilying powers, and showed the thin silver line 
of ring which now appears, without distortion, but certainly without sharp definition. 1 could only 
perceive two of the satellites, while witli the flint-glass refractor 1 saw three. The whole aperture 
was too much for the instrument, and it was therefore cut off to six inches. 

5. As die north was now the clearest part of the heavens, at about 11 o’clock the telescope 
was turned to that direction. The polc-stai* and its companion were seen very distinctly; even 
under the lowest power. This, of course, 1 expected; but J found that it was also viewed, on both 
sides of the object-glass, with much less colour than the other tests I had been looking at. 

Monday, March 4, 1833.—ITiis was the best night 1 had yet had, and it continued very lair 
till ncoiiy midnight. I was somewhat troubled with dew, hut the instrument was free from 
tremors, and worked as well as its temporary mounting could admit of. The tempemture 
stood thus:— 
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8 o^cloch. 10 o'clock. Midnight, 

Thermometer.. 45°‘5 43°'6 40*^-5 

Barometer ...... 29’86 29*86 29*89 

Hygrometer.*740 *737 *728 

1. Rigel, —This star was greatly discoloured at the edges of the field, and woa acconipiiuu'd 
by a singular spectrum, which was not destroyed by being brought into the centre. I cauglit tlu^ 
companion by glimpses, but it was immersed among strong rays. The powers iisckI werii 90 
and 250. 

2. Sirius. —This brilliant star was stiU more discoloured than Kigel on cither edge oi’ the iield 

of yiew, and had a continuous production of rays, which in the centre surrounded the Htar, l)iiL at 
the sides preceded and followed it, like the wings seen where a flint-glass is not lioiuogen(H)US, bet 
fainter. These irradiations, as well as the dispersed light, were considerably cut oII*l)y dljulnishing 
the aperture of the outer lens. The powers used were 90 and 160; and I tried witli 400 to riiise 
a disc, but it was altogether too much for the object, • 

3. <T Orionis, — Saw the whole of the ten stars of this group, but with great difficulty, and, if 
the term may he used, under a dim definition. Indeed, had I not practicjilly known Llu‘. ohji‘(4, 1 
am doubtful whether I could have made out the middle stars. It should, however, bo also statod, 
that it was nearly three hours to the west of the meridian. 

4. The great Nebula in Orwn, —I placed the whole aperture upon this object; and, though tlu? 
moon was nearly at fuU, I easily made out its outline, as well as that of its companion. Hul. llu^ 
trapezium of stars, under high powers, was more distinct with an aperture of 6 iuclica than when tlu' 
whole was applied. I could make out only four stars in this spot; it wiU be recollected, howi^vor, 
it was now three hours past the meridian, for the time of its transit will not allow of eiirller <*x[)<‘rl- 
ment This I regret, because so fine a constellation, from its composition and place, ollern lu ilrHcIl' 
a thesaurus of astronomical testa. 

5. 7 Leonis. —This beautiful double star was remarkably well scon, being nearly on tlu^ m(«ri- 
dian. There was, however, much false light, but it did not hinder thocoloum being seeu: t\w lurg(‘ 
star was slightly red, and the small one a Saxon green. The powers used were 90, 150, and 250, 

6. Leonis.—This was a test which, in the deficient arrangement of the ap])imituH, I could 
not manage; hut, notwithstanding there was much dispersed light, I should pronounce that with 
power 400 I saw the star elongated, and diflferent from the other two omegas, 

7. The Preesepe.—Ajo examination of this cluster was very favourable to the defining i)(nvt^ra 

of tbe telescope, and its general distribution of Hght. I tried it under the eyepieces 90 150 
and 250. ’ ’ 

8. ? Jawjn.—Wit]! some difficulty I made out tliis object to be triple, under a power of 250; 

t^t of 400 broke tbe rings of the spurious discs with disagreeable rays, so as to confuse the whole 
vision. 

9. Saturn.—The planet was ahont two hours and a half to the east of the meridian when 1 
placed the telescope upon it. It was tolerably defined, hut with muddy edges, though it bon> maff- 
nifymg pretty feirly. I saw two satellites steadily, and a thii-d by glimpses; and this was all I 
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could do witli my own telescope at tke time of transit. Tlie ring resembled a tbin silvery bar l 3 nng 
equatoroally across tbe planetary disc, and was sharper than the body of Saturn. 

Wednesday, March 20, 1833.—I had now intended to wait for the first quarter of the new 
moon; but the night proved so fine and dark, that I re-examined some of the former tests, and 
observed some new ones. There was a Ught N.W. wind, and the temperature was thus: 

9 o’cZocA. Midnight 

Thermometer . . r . . , 37°*7 34°'4 

Barometer . 30*01 30*00 

Hygrometer.’680 *670 

1. The greed Nebula in Orion.—Thia was now three hours and a quarter over the meridian, 
and yet was seen in great beauty and distinctness under the whole aperture, with eyepieces 90 and 
150. The trapezium was examined very closely with 250 and 400, which last it bore better than 
it had yet done; but only four stars were visible. 

2. a- Orionis. —AH the stars of this group were perceptible under the power 260, but they had 
the appearance of being seen in a second-rate reflector; so that I know not how a micrometer would 
work upon this instrument. 

3. yewMs.—The crescent which this planet now forms was better seen t han heretofore, but an 
unseemly quantity of light still attended it; and under the higher powers tbe colours were intolera¬ 
ble. Wlien, however, the focus of power 90 was nicely adjusted, and the planet brought exactly 
into the centre of tlie field, it was a beautilul object, despite of a secondary specti-um. The aper¬ 
ture was reduced, and I cUd not find, cither now or on other occasions, that this sensibly allected the 

ocular locus. 

4. 7 Leonis.—This brilliant object was distinctly seen, and the dark vacancy between the stars 
increiiBod more than did the spurious discs, whHo the magnifying powers wore being nused, though 
much loose light and irradiations were thereby produced. And it is singular that the separation 
was improved by ray placing a central disc of card-paper, two inches in diameter, on the outer lens. 

5. Messier’s A&ih ATeJu/a.—Tliis was very fairly resolved into stars, and better with the whole 
than the reduced apoituro. Eyepiece 90 showed it easily, but the higher powers gave it a very 
turbid appearance. The preceding cluster was brilliant. 

6. a Lflonis.—Tills star had a bunch of disagreeable rays shooting [rom it; and the light, when 
under the best adjustment I could give the focus, was curiously thrown to the northward. 1 was 
able, however, to raise a tolerable disc, and the smaU star at a IMo distance from Rcgulus was 
unusually distinct. 

7. 24 Cennas Berm. —I pointed to this remarkably pretty object to tost tlie colours, and very 
readily perceived the largo star to bo of a bright orange colour, and the small a sea-green. This 
was one of die best sights I had yet had, and on the whole was satisfiictory. 

8. i Leonis. _This, though a very close and unequal double-star, was well shown, yet at times the 

stray light would obscure the companion. The largo star was fiiirly figured, and the small seemed 
about the 10th magnitude, and of a greenish hue. It formed a fine test. 
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9. Saturn. —I had a good trial of this planot; and though the powers 90, 150, and 250, wore 
home, the disc was certainly not well defined. The ring is still a mere bar lying across the equator; 
it was very well shown, as were also three satellites. When I applied the power 400, the whole 
field was strewn wilh harsh light. 

10. 7 Virginia. —This intercBting star, though now so exceedingly close, was made double with 
250, and very well shown; but with 400 there was great tremor and irradiation, so that tlxe discs 
were often confused into one. 

Satwi'day^ March 30, 1833.—After a continuance of bad weather for several days, it cleared off 
a little; but in the mean time I had missed tie favourable phase of lie moon, for which I had been 
waiting. I therefore closed my ezamiaations with the following one: 

The Sun. —From the extreme volatility of the sulphuret of carbon, I was fearful of its expansion, 
and therefore had not yet turned the telescope upon the sun, lest the condensation of tlie solar rays, tit 
the place where they traverse the fi.uid, should prove too much for the lenses. But on mentioning 
tliis apprehension to Professor Barlow, that genlleman assured me that an exposure of from five to 
ten minutes could do no mischief. I therefore this day reduced the aperture to three inches, and 
directed the instrument to the solar disc, when, sweeping over the luminary for about three minutes, 
1 found tho surface was quite clear of spots. On turning from it, I drew out the eye-tube, and 
looking at the fi.uid, perceived that the bubble was considerably diminished, but not so much as J 
had expected. This was the only time that I exposed the telescope to great heat. 

These are the only experiments I have been able to make; and the season of the ycjir, together 
with the inefficiency of tho apparatus, have certainly prevented me from assigning exact limits to the 
performance of this telescope. Still, as 1 had immediate reference to one of the best refractors extant, 
I may add the following conclusions, premising, that I have not constantly noted down the perform¬ 
ance of the latter upon each test, because my end was to pronounce upon the fluid object-glass. J 
should also observe, that the magnifying powers of both tho instruments were equally matched, and 
their apertures were generally proportioned to nearly six inches: the eye-pieces were thus: 

Fluid refractor. 90 150 250 400 

Flint-glass ditto . 93 157 240 416 

From the result of my observations, it has struck me that this ingenious principle has strong claims 
to consideration for its valuable optical powers, but diat, in the present stage, it is more adapted for 
stars than for planets; and should tlie application of it be tried on a larger scale, it might bo made 
witli Bufldcient illumination to examine tlie high-class nebulce; a branch of practical astronomy 
which is now nearly shut against refractors. The defining power does not strike me as being so 
good as the light, nor does the achromatism seem to be perfect. Yet I should mention the want 
of focal and mechanical arrangement; that the only adjustment I had for distinct vision was by the 
hand, with the sliding eyepiece tube; and that slight derangements might be occasioned by the 
mounting and dismounting of the great tube, however carefully it was attended to. 

I cannot but suspect that the performance of this telescope is affected by temperature, and that 
severe tests in the summer months might afford different conclusions to those which I have arrived 
at; but as I considered my opinion was desired on the instrument in its present state, I took no 
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means for applying artificial heat. And, perhaps, the secondary spectrum which haunts the field 
might he mitigated, and the prismatic colours destroyed, by an alteration of the distance between 
the fluid and outer lenses;—the same consideration prevented my applying for a screw, by which it 
might have been efiected. 

But there is one condition of the instrument which, if correct, would be of greater importance 
than the rest, as connected with this Report. It strikes me forcibly, from the several efiects I ob¬ 
served, that the focus has been cut too short; a defect which would seriously aJffect the spherical 
aberration of the outer or object lens and its dispersion: and this would account for the fluid 
refractor not performing better than the flint-glass one, without impugning the corrective powers of’ 
the sulphurct of carbon, or its skilful application by the scientific Professor. 

W. H, Smyth. 

April 4,1833. 


No. III. 

SIR JOHN HERSCHEUS ORBITAL REVISION OF 7 VIRGINIS. 

{Referred to on page 367.) 

R A 12 ^ 33 “^ N P D 90° ST. Tlie apparent perihelion passage of this interesting double-star 
took place in the first half of 1836, and the appidse of the two stars proved (as predicted) so very 
close os to cause it to appear as a single star to all but the most powerful and perfect existing 
telescopes under the most favourable circumstances. In no part of the interval from 1835.971 to 
1837.545, both dates inclusive, was it possible to observe any certain elongation of the united discs 
with the 7 -feet equatoreal, capable of being in the smallest degree relied on for a measure. It 
should bo observed, however, that, owing to the influence of the arid and heated sandy tract inter¬ 
vening between Feldhausen and Table Bay, to the northward of the former station, it was rare to 
procure even moderately tranquil images of stars situated so near the equator. In consequence 
almost all the meaaurea obtained of this star were procured only by the most obstinate patience and 
perseverance in waiting for favourable glimpses, occurring among long intervals of confused and 
agitated definition, as the notes appended to the individual night’s results sufficiently show. 

During the interval between the dates above mentioned, the star was frequently examined. 
On the night of the 21 st December, 1836, it was kept in view nearly on hour, trying all sorts of 
methods to divide it, but in vain, 

I sec the disc round and sharp, though tremulous, and the rings, &c. all in motion ;—no power I cun 
apply gives me the least certainty of an elongation. To this telescope, with its highest power and in good 
action, the star is single. (7 feet Equ.)” 

Again, on the 23rd December, 1836, it was examined with all the usual powers up to 400. 

“ Definition very far superior to any 1 have ever had of this star since I have been at the Cape. ItJs 
disc, at the best moments, is seen steadily round. I can no way succeed in dividing it. When the focus is 
over-urged, to give the smallest disc, it was seen a little wedge-formed downwards, but turning the telescoiie 
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in that state on Spioa the same appearance was seen. This observation was made just before and during 
tlie morning twilight, and as the star gained altitude the definition continued improving.” 

“ January 10, 1836. In the best moments I fancy 1 see a very trifling elongation—roughly about the 
direction of the meridian with 279 and 300.” [400] “ Worked at it a fuU hour, turned the object-glass 

and its cell in the tube half a turn round with remarkably good effect.” 

“February 9, 1836. In the commencement of twilight, in the thin scud of a black south-easter, 
which is beginning to bring up its cloud after a cloudless night, I feel pretty sure that there is an elongation 
as indicated. Pos 18° 50' a single measure, with the lowest weight a tneasure can have.” 

February 18, 1836,—20-feQt reflector. “ Viewed y Vh^inia with powers 320 and 480^ which gave 
round discs and very good definition; but could get no indication of its being double. Far bettor defined 
than y Centauri,” which had just before been viowed with the same instrument, and which was seen well 
elongated, and in momentary glimpses sepai’ated with 320 and a triangular aperture. 

May 3, 1836. “ With the utmost patience and the greatest difficulty, from the violent agitation of the 

star, I think I have a measureal)le elongation. Pos. = 6° 30'” (by a single measure). 

May 12, 1836. “ y bears No. 4 better than usually No. 3, and I am almost sure it is elongated a very 

little.” Pos. = 3° 80' (by a single measure marked ±). 

“ Januaiy 14, 1837. Being a most glorious night, I waited till lOh. 20m. Sid. T., and then ntlackod 
y Virgiuis. Capitally defined, though catGliing, Bore No. 4 well In pome moments I keep suspecting an 
elongation from / to but at others it is quite round. PiLt on aperture inches—a beautiful planetary 
disc without rings. K it be elongated the major axis is not more than greater than the minor. In 

short, I came to the conclusion that, for anything 1 could see to tlie contrary, the star is single. In tliis 
state, turned the telescope on y Centauri with the powers No. 3 and No. 4 distinctly elongate, consequently 
I conclude that the distance of y is at most J, perhaps -J-, that of y Centauri, which is cei4aiuly under I'V’ 

“ April 24, 1837. The besi* sight of y Virg. I have ever got since my residenoo attho Cape. Quite round 
with No. 4, nor the smallest sign of elongation that I can perceive. The rings hrandish a little, but slowly, 
and the disc nioulds a little, but it is altogcllicr finely defined, and examined quite at ease. 2^ west of 
merid.” 

“May 18,1837. Scarcely a doubt of elongation. Long contemplated with No. 4. It is surely not 
round, and position, by 3 measures, = 202° O'. (Brandishing but a di8c.) After an hour’s rest of the 
instrument much less evidently elongated. Still I think it is so, but am by no means so certain as when 
first seen.” 

“ June 27, 1887. I am almost certain of on elongation 60“ ± nf or ap ; but the star will not bear 
No, 4. No 8 shows it round, but wants power. A reading (such as it was) of the micrometer taken, gave 
Pos. = 211“ 40'. 

“July 19, 1837. Certainly elongated. Of this I have no doubt. The star is better defined than I 
ever saw it at the Cape under No. 4. Definition excellent—for this star unequalled. Pos. by a single 
reading 210® 20'.—Further examined. When best in focus, i. e. when disc reduced to its least magnitude, 
perfectly round. Turned the telescope on /3 Com and S Corvi. In similar state of the focus I see the same 
elongation in the same direction, but when perfectly adjusted the discs are quite round, and so is that of 
y Virginis.” 

Such is the history of my observations of this stai* during its perihelion appulse. The time 
of the perihelion passage appears to have been retarded nearly two years beyond that predicted in 
my first calculation of the orbit, the elements of which, however, as subsequent observation has 
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shown (with the exception of the excentricity), arc incapable of representing the motion of the 
stars far beyond the limits for which they were calculated, however completely the conditions of it 
were satisfied by them within those limits. The reason of this abandonment of the old supposed 
orbit, and the substitution for it of one differing so very widely from it in all but the single element 
above mentioned, winch the farther progress of observation has necessitated, will be readily under- 
stood by the inspection of the annexed figure, in which M D A B represents the actual orbit 


m 



described by the one star about the other at S, and m d a J the orbit represented by my firet 
elements. It will be seen tliat the two orbits are almost exactly coincident over all tliat portion of 
each which corresponds to the interval embraced by the observations from 1781 to 1835, witliin 
whicli alone micrometrical measures had boon at that time obtained—^thc actual or smaller ellipse 
being curiously packed within the other in the manner of an osculating curve, intersecting it iii 
four points, and deviating from it in the intervals between them by a quantity much too small to 
excite any suspicion of error at that time. 

3l. 
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ms is not the first by n^any mstances in die history of soi^tific pro^-ess ^ 

possible courses, each at the moment equally plausible, the wrong haa been chosen, ^ut ui thm 

case, the adoption of die larger ellipse seemed to be necessitated by the portions 
the obseiwations of Mayer in 1766, and of Bradley m 1718, which it ^ 

to conciliate.* Now, however, that micrometric mcasares have been suffimendy multiphe<^^ 

positions obtained like that of Bradley by mere allincations with distant stars, one eye emg 
teCe, die other directed to the heavens; or, like that of Mayer, by a stall more insec^o 
method viz., by independent differences of R A and P D taken from a catalogue, can by no means 
be admitted among the normal data to be used in the determination of elem^ts. 

The lapse of a very few years sufficed to show that die movements of the stars arc perfomed 
with much greater rapidity, and in a much smaller orbit dian that at firrt as^ed to tiom. 
Elements of Lir orbit have been computed from dme to time by Messrs. Maedler, En^e, Captain 
Smyth, the late lamented Professor Henderson, and, recendy, by Mr. Hind ; also by myself i 
1843 (to wliich reference has been made by Captain Smyth, in his useful and elaborate work, A 
Cycle of Celestial Objects,” ii. p. 281). It is not a little remarkable that all these calculations agree 
in assigning almost precisely the same , value to the (physicaUy speaking, the most 

importot of all the elements) as that resulting from my earlier calculations, though they differ 
materially from each other in the position of the orbit in space, and especially m ffic period; 
Captain Smyth’s period still extending to 196 years, while, widi a certain combmatioii of other 
elements, so low a period as 124 years seemed to myself not absolutely excluded; at least if aU die 
micrometrical observations on record bo considered as entitled to equal credit. n 

This, however, for reasons which will presentiy appear, I consider more than qucstiona-blc; 
and as the complete establishment of the cUiptio motion of this binary star is a point of high 
importance-one of the great facts indeed of modern astronomy-a re-invostigation of ita_ orbit, 
founded on careful examination of all the recorded measures, will not be deemed irrelevant m tois 
place. To tiiis end there are assembled in the foUowing table the mean results of all the recorded 
observations of its angles of position (mioromctrically measured) which liad come to my knowlc go 
up to September, 1845. 


• In my earlier investigations of the orbit of this star, a mistake of 10“ was committed in reading off from a 
celestial chart the angle of position of the two stars a and S Tirginis, with which Bradley compared the double 
star. Mr. Henderson has rectihed this mistake. In consequence of it the agreement of my firs oibifc w di 
Bradley's observations is only apparent, my calculated position for 1718 being 169“ 17, and the position jmtu.% 
resulting from Bradley’s oomparisou (with the due corrections for precession and ocular being 60 62, 

instead of 160“ 62', as set down in my paper (Mem. Ast. Soc. 1832). It is remarkable however, that Mr. 
Henderson deduces from his own elements a position of 161“ 16' for the epoch in question, differing by less than 
2“ from my computation, though storting from such widely different elements. Both are erroneous, however, and 
this important observation of Bradley’s wiU be found very satisfactorUy represented by the elements about to be 
given further on. 
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No. 

t 

6 

Obs. 

No. 

i 

6 

ObB. 

No. 

i 

i 

Obs. 

1 

1781.89 

130*44' 

H 

20 

1832.80 

69'* 66' 

D 

89 

1887.21 

266*27' 

Sm 

2 

1803.20 

120 16 

H 

21 

.40 

71 26 

Sm 

40 

.41 

267 66 

2 

3 

1820.29 

106 16 

2 

22 

.62 

78 30 

2 

41 

.48 

266 24 

M 

4 

1822.25 

103 24 

S.li 

28 

1838.18 

61 46 

h 

42 

1838.08 

237 28 

h 

5 

.36 

102 44 

2 

24 

.80 

61 9 

D 

43 

.28 

236 41 

Sm 

6 

1826.32 

96 68 

s 

26 

.83 

68 10 

Sm 

44 

.32 

283 23 

D 

7 

.32 

07 66 

2 

26 

.87 

66 82 

2 

46 

.48 

231 6 

0 

8 

1828.36 

90 30 

h 

27 

1884.30 

47 9 

Sm 

46 

.48 

229 12 

M 

9 

.38 

91 SO 

2 

28 

.81 

46 48 

D 

47 

1839.32 

214 36 

D 

10 

1829.22 

87 48 

h 

29 

.88 

61 40 

2 

48 

.40 

217 12 

Sm 

11 

.39 

88 17 

2 

30 

.41 

39 0 

h 

49 

1840.88 

205 43 

D 

12 

1830.38 

82 6 

b 

81 

.84 

33 26 

2 

60 

.46 

206 42 

0 

13 

.39 

81 29 

D 

82 

1836.11 

21 27 

h 

61 

1841.34 

200 8 

D 

14 

.69 

82 10 

B 

33 

.38 

16 29 

2 

62 

.36 

200 11 

M 

15 

1831.83 

77 12 

b 

34 

.40 

14 69 

Sm 

63 

1842.34 

107 26 

A 

16 

.36 

78 12 

D 

36 

1836.28 

350 9 

D 

64 

.41 

194 69 

D 

17 

.36 

80 5S 

2 

36 

.34 

340 48 

Sm 

66 

1848.38 

191 36 

Sm 

18 

.88 

77 64 

Sm 

87 

.41 

331 34 

s 

66 

1846.34 

185 24 

Sm 

10 

1832.27 

70 20 

b 

38 

1837.20 

280 26 

E 






positions set down on the authority of each observer (with exception of those 
of M. Struve in 1834) are the means of his recorded observations for each year. The first column 
contains a number for reference; the second, headed t, the mean epoch of observation; the thii-d, 
headed 6, the angle of position corresponding, and the fourth, the initial of the observer’s name* ’ 
If these positions be projected on a chart of engraved squares for the purpose of mutual intcr- 
companson, m order to the construction of an interpolating curve representing the most probable 
course of the variation of this clement during the whole interval of observation, it will at once be 
apparent that the observations of M. Struve from 1828.38 to 1834.38, both inclusive, cannot 
possibly bo used in conjunction wili the rest of the scries. A‘ curve drawn through the points 
representmg these observations, separates itself gradually and systcmaticaUy fi:om that which 
expresses with tlie utmost consistency and regularity the general course of the movement os 


* A. Airy; B. BeBSel; D. Dawes; E. Encko; II. Sir William Hersohel; 
0. Otto Struve; S. South; Sm. Smyth; 2. Struve; s. Sobler. 
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AedW to.U 40 otor .^toiUo., °'j°™g” IwdltTta 

lifter wKcli it oenees ebrupfly, 4o au tcguui CTidooeo, ns so topto- 

proTioos to 1828, being in good eeeoitoeo mth flic Mt, m tM 

sentcd. This is dourly o cose m wbiob no mi e le to saoriBoe the ToUditj oi Imfli 

obaormtions rritb flic tost by o system of totog immns, I tborofrao, 

.efl,.,»idtom„flieolminof dome. S! in7inr»dig».ion of this 

proceed indep.nde.fly ef fl.«n, ..d « it woifld bo ^ J, g ft. ,.„i. 

Lmr. «to prU- «■;, 

observer, shall leave, m what loi o , ^ +n the determination ol 

another occaaion ^ 53 having hcen maclo with a 

an orbit resting solely on tl _ (ligtortcd images, and standing, moreover, in irrecon- 

.11 til. 0W.fl0.m ft... 18d0 .8.8 

Mo"5”i. e^pro., flie Srsfl . serio. of m... opoel- ..d position. -WW 1^ 
mbing momm of flio eb^r^flo.. of ^ “.«» of .11 

measurement was, if not preduded, at least rendered liable to errors of unusual maguitu le- 


TABLE OF MEAN OBSERVED EPOCHS AND ANGLES OF POSITION OP y VIRGINIS. 


t 

0 

Observ. used. 

t 

0 

ObHurv. UBod 

t 

0 

(rtmerv. uswl. 

1781.89 

0 f 

130 44 

1 

1832.32 

0 t 

70 34 

19,20,21 

1838.31 

0 f 

233 22 

42,43,44 

1803-20 

120 16 

2 

1833.27 

02 2 

23,24,26 



46, U> 

1822.26 

103 24 

4 

1834.3.1 

44 19 

27,28,30 

1839.30 

216 63 

47,48 

1826.32 ' 

96 63 

6 

1836.25 

18 13 

32,34 

1840.41 

205 42 

49,60 

1828.36 

90 30 

8 

1830.81 

849 68 

36,30 

1841.34 

Ir- 

O 

o 

51,62 

1820.22 

87 43 

10 

1836.41 

831 34 

37 

1842.41 

194 69 

64 

1330.41 

81 66 

12,13,14 

1837.30 

967 26 

38,39,41 

1843.33 

191 30 

56 







1846.34 

185 21 

60 

1831.86 

77 40 

16,10,18 


' 






♦ This only applies to the oliservations marked S. Those by 
of course retained; as else the highly important joint observation 


hL Otto Struve, with the Puikoviv telescope, are 
No. 37, ■which cannot be dispensed with. 
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TABLE OP INTERPOLATED EPOCHS AND ANGULAR VELOCITIES OP y VIRGINI3 POR ANGLES OP 

POSITION PROM 10° TO lO®. 



i 

<U 

4 

t 

_(14 

6 

t 

64 

6 

t 


0 

130 

1783.41 

0 

0.48 

o 

60 

1834.04 

0 

18.2 

0 

830 

1336.37 

0 

62.0 

0 

260 

1837.72 

o 

34.6 

120 

1803.61 

0.60 

40 

1834.51 

23.3 

320 

1836.63 

67.2 

210 

1838.04 

28.0 

110 

1816.00 

0.99 

80 

1884.90 

29.4 

310 

1836.67 

70.8 

230 

1838.46 

20.9 

100 

1824.20 

1.74 

20 

1836.28 

33.3 

300 

1836.81 

72.U 

220 

1830.06 

14.9 

90 

1828.47 

3.1 

10 

1886.62 

37-0 

290 

1836.95 

71.2 

210 

1830.94 

9.6 

80 

1880.90 

6.1 

0 

1835.78 

41.7 

280 

1887.09 

66.4 

200 

1841.34 

6.6 

70 

1832.43 

8.2 

360 

1836.01 

47.6 

270 

1837.25 

66.6 

190 

1843.84 

3.2 

60 

1833.40 

12.7 

310 

1836.20 

66.6 

260 

1837.46 

43.0 

185 

1816.60 

2.7 


Setting out with this latter table as a basis of calculation, I find the Mowing elements:— 

Excentricity 

Inclination to the plane of projection 
Position of ascending node 

Angular distance of Pciihelion from Node on tlie plane of tlic i 
orbit, or true angle between the linos of Nodes and Apsides J 
Epoch of Perihelion passage • . . , 

Periodic time ..... 

and the Ibllowing formulai of computation thence resulting 


e = 0-87952 
y = 28° 85'40" 
a= 5° 33' 

\ =313° 45' 

r = A.D. 1830-43 
P = 182.12 years 


tan (v — 4G° 15') = f0-03791 ] . tan (0 — 5® 33') 
tan J w t= 1^9 40293] . tan ^ v. 

1836-43 [9-70408]. ]m-[ 1-70237] . sin w.} 


COMPARISON OP THESE PORMULiE AND ELEMENTS WITH THE TABLE OP MEAN OBSERVED EPOCHS. 


t 

^0 

4o— in 

t 

6q 

rfo—^0 

t 


4v — 6q 

1781.89 

o / 

131 0 

o / 

+ 0 16 

1832.32 

0 / 

70 8 

0 / 

— 0 26 

1838.31 

Q / 

234 12 

o / 

+ 0 60 

1808.20 

121 2 

+ 1 47 

1833.27 

60 10 

— 1 62 

1889.36 

216 24 

+ 0 31 

1822.25 

104 62 

+ 1 28 

1834 34 

44 24 

+ 05 

1840.41 

200 4 

+ 0 22 

1826.32 

90 0 

+ 2 13 

1835.25 

20 26 

+ 2 13 

1841.34 

190 50 

—0 17 

1828.36 

00 67 

+ 0 27 

1830.31 

383 27 

—J6 31 

1842.41 

194 83 

—0 26 

1829.22 

87 66 

+ 0 12 

1836.41 

325 40 

— 7 44 

1843.38 

190 56 

-0 42 

1830.44 

82 24 

+ 0 29 

1837.30 

209 0 

+ 1 41 

1845.34 

186 24 

—0 8 

1831.36 

77 13 

—0 33 
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COMPARISON OF THE SAME ELEMENTS AND FORMUL^B WITH THE TABLE OP INTERPOLATED 

EPOCHS. 


4 

ia—io 


^0—tfo 

6 

4o—^0 

4 

4c—^ 

0 

180 

0 / 

+0 34 

0 

60 

0 / 

—0 40 

0 

330 

0 f 

—4 8 

0 

250 

0 / 

+1 7 

120 

+ 1 47 

40 

+ 0 29 

320 

—4 9 

240 

+ 0 66 

no 

+ 1 69 

80 

+ 1 7 

310 

-4 7 

230 

+ 0 69 

100 

+ 1 18 

20 

+ 1 2 1 

300 

—3 22 

220 

+ 0 29 

90 

+ 0 S8 

10 

+ 0 28 

290 

—2 43 

210 

+ 0 12 

80 

—0 6 

0 

—0 62 

280 

+ 0 4 

200 

—0 9 

70 

—0 46 

360 

^2 24 

270 

+ 1 88 

190 

—0 60 

60 

-1 14 

340 

^3 80 

200 

1 +1 36 

186 

—0 34 


I. win »>t be tod 4e intcpotad » IJ'to 

llmwiert mu* mote domly th.it by thorn elenici.t., Wi* logma to the do™ton oU6 81 
Sr^toed opmib of 1886.31, rndfliet Cpto Smyth no. Mt, D.we. mo, I boheto, d«T.^ 
mty Lght to theii obmmiion. m thol epoch, the ««. beieg th<» m OTdy 
n^louid LgeUm.™ * ft. Mcto of i« being .e«Uy double .ffoAd by thorn 
Ltumente. Tho D^rpat »gl. .t fte potiholion opooh, though ftitod ^ M. 6«»vo 
Jfwomeltie®, do- P- 288) to be fto losolt of ftioo d.y«’ oheomtions by Memte. mm Situvo mi 
&blo. ie in 4et the mom of two momuie. of fto lotto., wbieh, no doubt to. mhd mm™, ho ho. 

pmtaoblo to tho oftom, md indood ft. gmot difforonee omong tho mdimlmd n« 
on theoo thL doy. (wbieh, oMowfaj M ft« moiiou o/ the etar, m !7i« mW, omonnB to ful y 
12°'i' cleaxlv show tbe difficulty of the observation, and the necessity of exercising some judgment 

^toeo to mmronotot oweftooft... Now me of M. ^bletb o^Uom 

thus preLed gives 329° 42' for ffie position at the epoch 1836.41, differing only by 4 2 from oiu 
^ ofto. dioeorio.ee. on. not gmoto. fto. may v«y ^nobly bo looked to. .. 
the present and past state of this inquiry, even when dealing with the mean results of several 
ote^ors; and the cMef among them (that of 1825.32) would be reduced to little more than half 
its amount, had M. Struve’s observation at that idenlioal epoch been used m place of that actual^ 
employed. On the whole showing, therefore, I think it will be readily admitted that the eUiptic 
hypothesis is very satisfactorily sustained. The apparendy systematic aWation of posiUve 
aS negative errors, each prevailing over considerable arcs of the orbit, might mdeed be regarded, 
in a more advanced state of the subject, as indicative of some disturbmg cause of a ponodicnl cha 

raoter, but at present such a conclusion would be quite promature. ... , . 

The allineation of Bradley and Pound of the two stars of 7 with the Ime joining a jmd 8 
Virginis in 1718.10 has not been included among the data of our interpolationB, which exten 
only from 1781 to 1846. It will therefore bo interesting to see how nearly our now elements 
repLent this remarkable observation. I have already observed that the true angle of position 
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reau g fi-om this allmeation at the epoch in question ia 150° 62' instead of 160° 62', os, by a 
mistake of 10 in reading off the angle of position of those two stars, I originally stated it. Now 
we calculate the position for that epoch from the elements above given, we find it to be 149° 16' 

_ enng y only 1° 36 ffom Bradley’s comparison duly corrected for the ocular equation. Tliis 
13 ^rtainly very satisfactory, being within the limits of what we must even now call good micro- 

meW measurem^t. The error of the position concluded from the places of the L stam in 
Mayer’s Catalogue for 1766 is — 5° 26'. 

. 1 , apparent distances. They have formed no part of 

e rom which any of the elements above stated have been computed. The following com- 
paraon of the measures taken at different epochs and by different observers with those calculated 
y e ai o tieso elements for the re^ective epochs eidiibits a correspondence wliich, under all 
the circimstances of the measurements, must be regarded as in the highest degree satisfactory, and 
as comp eting eyond all reasonable doubt the evidence in favour of elliptic movement. 


t 

eo 

^0 

{0—JO 

Authority. 

t 



JO—JO 

Autliority. 

1781.9 

tt 

6.68 

It 

6.60 

tt 

—0.03 

H. (?) 

1833.4 

tt 

1.18 

tt 

1.10 

u 

—0.08 

Sm, 2. 

1803.2 

6.91 

4.97 

—0.94 

H. (?) 

1834.8 

1.07 

0.84 

-0.38 

Sm, li, D, 2. 

1819.i 

3.66 

3.64 

—0.02 

2 . 

1836,4 

0.61 

0.64 

+ 0.13 

2 , Sm. 

1822.2 

8.82 

3.19 

—0.13 

2 , Sh. 

1836.4 

0.26 

0.60 

+ 0.24 

2 . (?) 

1823.2 

3.30 

3.04 

—0.26 

Amici. 

1837.4 

0.60 

0.67 

—0.03 

3, B, M. 

1825.8 

2.81 

2.74 

—0.07 

2 , S. 

1838.4 

0.83 

0.86 

+ 0.03 

Sm, 0, M. 

1H28.4 

2.or 

2.21 

+ 0.14 

2 . 

1839,4 

1.00 

1.02 

+ 0.02 

Sm. 

1829.3 

1.79 

2.06 

+ 0.26 

2 , h. 

1840.4 

1.28 

1.37 

+ 0.09 

0 , a 

1830.4 

1.90 

1.82 

—0.08 

B, h. 

1841.3 

1.66 

1.01 

—0.04 

Dp M. 

1831.3 

1.77 

1.62 

—0.16 

D, h, 2, Sm. 

1842.4 

1.72 

1.86 

+ 0.14 

A, D. 

1832.4 

1.23 

1.87 

+ 0.14 

Dp h, 2, Sm. 

1843.3 

1.90 

2.06 

+ 0.10 

Sm. 


^ this table po denotes the observed and pc the calculated apparent distance or radius vector of 
the ellipse. The observations of 1781 and 1803, as well as tliat of 1836, atthc epoch of the perihelion 
passage, are founded on estimation of diameters, and are therefore nccessaiily liable to greater error 
than the others, wHch aU roly on micrometrical measures. In particular, the estimate of 1803 ia 
cmtainly much too large That of 1836 is doubtless an under estimate, owing to the peculiar and 
difficult circumstances of the observation, of which on account may be seen in M. Struve’s great 
work {Menmrce Mwrometncce, &o.). The other errors are aU within the limits which the different 
micromotors, and, above aU, the different habits of observers in clipping the stars more or leas 
closely, &c., have hitherto (unfortunately) been found to admit as easily possible, and which render 
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it, in my opinion, impossible to employ tlie measurements of distmtee bitherto rccc.r.lea, i.s sail- 
elements of calculation. The eemi-ajds of the real orbit wliicb these compunsons suj.pose i.s . . . 

* Since the greater part of these calculations were made, I have received, 

the following series of observed epochs: 1841-366, Pos 200° 6'; 1842-361, 190° 11 ; 1 • -i ’ 

188° 65'i 1846-367, 186° 37'. These epochs have not been included in our interpolation, mid ciuinot thon-lon- 
fairly compared with its results. When projected separately, they exhibit a Bystmatio awl retjidarhj-mrvminK 
deoiation from the projection of Mr. Dawes’ and Captain Smyth’s observations, of tho very siuuc nutun-. u.s 1 mt 
which compeUed me to abstain from including among our normal data tho Dorpal ohsorvivlions irom IH'-H to 
1834. Facts of this kind go to prove that fid! confidence cannot yet ho placed in any niicromolviwd inoaMin-s, 
even of position angles, and in the case of easy stars (as this is once more beoomo); and tlii-y lead im to insist on 
the necessity of an immense accumulation of measures from a variety of observers, and unrc‘niiUin|ily (onliiuu d 
for a long series of years, as the only ground of hope for the attainment of accurate eleinenta of thiri oi tinjr otlu r 
double star. This communication is accompanied by a set of elements—(the fourth now calculated by thiH itub- 
fatigable astronomer)—placing the perihelion epoch at 1836^29, and assigning n period of 14H’7H yj-iirs, ( ’iuu- 
poring the orbits which seem entitled to most reliance, it appears certain that tho cxccntrioity lies iiol'Wi'iMJ 0 Ht/,> 
and 0-880, the inclination between 23° and 27°, the perihelion epoch between 1830*20 and and tin* period 

between 140 and 190 years. The best defined element is that which is usually, but absurdly, (julletl the ot 
the perihelion on the orbit (or SI + X in the notation of Art. 192), which cannot dillor above a degree om* wa> or 
the other from 319° 20^ This language ought to be reformed, and the clement itsell disused, by generul eoiisenl 
among astronomers, as a source of endless-misapprehenaion and mietoJeo. 


In thus enrolling* this valuable document entire, we must romhul tluuiinatciir ihut, if brut 
upon using the graphic geometrical form of investigating the orbits of revolving Dtuihle Slurb, lie 
must recur to Sir John Herschel*s able and ready exposition of tho method, as given in tlio Mi‘nioirb 
of the Royal Astronomical Society (volume v. part i). Besides the first iipplicjilioii of Uu* proeoHs to 
7 Virginis, he will find the cases of some other remartablo binaries discussed in detail, witli tlu- 
periods then obtainable from all the available data, as here enumerated:-* 


a Geminoeum 
<r COHONiE BoREALIB 
f Urs^ Majoris 
70 (p) Ophiucht 


Period 252 years. 

- 2B6-G - 

- 69*72 — 

-80*34 - -- 
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[Derived from all tlie Observations between 1718 and 1858. By Captain Henry Augustus Smyth, Boyal Artillery,] 

For this orbit I have used throughout the graphic method of Sir J, Herschel, according to your 
recommendation, with such slight modifications as I shall proceed to mention. 

In forming the Interpolating Curve, I laid down all the known observations * of position from 
1718’2 to 1858‘4 on an unusually large scale; and, from an inspection of the latter part of it even 
as reduced in the Plate, I tliink it will be evident, that the size allows peculiar fiicility for making 
those slight alterations in the curve which arc usually found desirable allcr trying the points obtained 
from it for an ellipse. (The dotted line represents the cuiwe originally drawn, the continuous line 
being tliat which, ccjually faithful to the observations, was found on trial to afford points more 
favourable to an dlipsc,) I think also that the appeoiunce of tliis port of the curve, with the cloud 
of observations so widely scattered about it, will shew tlic dcshability of having, not only plenty 
of and various observations, but also some scale of reliability, or weight, attached to them all. 

In obtaining the distances from tliis curve, I preferred the system ol' drawing tangents to it, 
instead of that of taking its differences, because the former retains the peculiar advoartago of l3ie 
graphic metliod, in allowing the eye to coiTcct the iaaccuracics of the preceding process, viz., in 
this instance the drawing of the curve. And I applied it, not at any strictly regular intervals of 
time or angle, but more frequently to the less doubtful parts of the curve, or to such os appeared 
more mfiucntial on after proceedings. 

In passing an ellipse amongst the points thus ohtauicd, I arrived at the principal innovation, 
wliich appeared to me desirahle in some special coses of the method. Tliis consists in testing the 
ellipse obtained os to the relative propf)rtions of certain sectors of it due to observed intervals of 
time; of course if the ellipse corresponded witli the observations, tlic proportion of tlic area of each 
sector to its observed time would be the same as that of the sum of all tlieir areas to the sum of all 
the times, or as the area of the whole orbit to its whole period; but in my special case each sector 
gave a different proportion. I accordingly set myself to shift the position and alter Llio dimensions of 


*♦* Namely, ibose of Bradley and Pound, Cassini and Tobias Mayer, Sir William Hcrschol, Sir John Hersehel,, 
Sir James South, the two Stnives, Admiral Smyth, M. Miidler, the Kev. Mr. Dawes, Mr. G. B, Airy, Lord 
Wrottcfllcy, Mr. Isaac Fletcher, Captain Jacob, &o. 

2 M 
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my appaxent elHpse, without unduly neglecting any of the points kid down, in onkr to ^ 

far as possible these discrepancies in the results afforded by the different sectors. ^ n «iy 
found that the sector A (see figure of apparent eUipsc,) had a smaUcr proporliou to its Uuie, anu 
consequently gave a larger period than the mean of the others; or more particu .ii y t i.it ' 
too smaU, B too large, C and D too small, and E about a mean. I then constructed a Ircsli <-ll.i.sr, 
wHoh by being longer should make A larger, and, by being more nearly vertical us to its imijoi 
axis, should avoid increasing B in the same proportion: but I found that i>rogrcs8 in this .Unrlinn 
increased the disproportion of C and D in a much greater ratio than it diiuinklicd tluil. ..I v\ and 

B, unless I diould disregard the restriction of the points laid down about the fonner legion, w in i 

Icouldnot afford to do, as it is perhaps the best defined, by observations, of the whole. Alter Iryin;; 

various other eUipses constructed to kvour the scctora sometimes of one region, sometimes of 
another, I found that they all, with the exception of A, might be made to ipee very widl iimoiifr 
themselvea on a period, by an ellipse slightly shorter than would suit A, which i dec.ided to leave 
out of the question as irreconcileable witli the others ; and I subjoin the results uironleil liy tlie 
figure finally approved, having in it arrived at a point where further sliortoniug began to make 15, 

C, and D, too small for E:— 


Sector A gives for the whole orbit a period of 187*1 yuarH. 

B.177*9 

C . .... 17G-9 

D.178*8 

E.177*1; 


from whioli, neglecting A, and giving most weight to tlic best ol) 0 crvo(l of tlici oilu'.r wn'tors, 1 ri»n 
elude the period to be 177*675 years: including A it would be 179*560 years. 

This system of comparing the proportions afforded by the areas tind timciH of dillcront wtrUirN, 
one against another, amoimts in fact to a sort of comparison of the ol)taint‘d idllpat* with ihr vvludi* 
series of observations, and appears to be more appropriate tlius early iu the process tlum when int>r«* 
labour has been spent on a possibly erroneous figure. 

The elements of the Apparent Ellipse thereby approved arc:— 

Major semi-a^sis.6"*807 

Position of do. 145® 10' 

Excentrioity .*889747 

Also the resulting radii-vectores— 

Maximum distance . , . . , 6"-349 

Position at do..143® 12' 

Minimum distance .0"*37G 

Position at do.. 315® 30 ' 
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Jn-om tills apparent ellipse I obtained the elements of the real one, naing all Sir J. Herschel’s 
equations, excepting in the case of 



'vhore I have considered that when <f> is very small, any inaccuracy in r is much exaggerated in 
and r preferred deducing ^ from the measured length of a and of a perpendicular to it, and from ^ 
deducing r, by transforming the above equation into 


__ 

^ 0 ^ -- {or — £ 2 ) cos. 30’ 


and after duo consideration, I ottained the following as the elements of the Eeal Ellipse; 


Major semi-axis 
Position of do, 

Excentricity 
Position of node 

Inclination to plane of projection 
Distance of perihelion from node 
Epoch of peiihelion 
Periodic time 


a = 4"-226 
TT = 322'’IP 
e rz *88779 
a = 35° S7'*5 
y = 37° 20' 

X = 281° 42' 
r = A.D. 1836*5 
P = 177*7 years 


Inasmuch as flt and X both appeared to be liable to some uncertainty, I derived the length of 
a by projection graphically from the apparent ellipse, thus satisfying myself that a and 7 were, at 
any rate, compatible. But in consequence of this uncertainty, I think it would be more convenient, 
in general ('.omparieons of various orbits of the same star, to have regard only to those elements 
whicih, wliilsL they involve all the indefinite conditions, are themselves definite; to wit, the elements 
ol’tlto ai)parent ellipse, together with the excentricity and position of the major axis of the real one, 
and also the epoch of the perihelion and the period. In a word: if our ellipse is to be considered 
vtilitl, either the date of the perihelion must be consequent on that of the different sectors (which we 
g(a from tin* observations belonging to them), or if we take the date of the perihelion from its own 
obsorvationB the dates of the sectors must be consequent on it: for the drawing of the ellipse repre- 
8 (^nts pro])ortional areas in given times much more closely than do the observations. Now as to 
dating the sectovs from the date of the observed perihelion, I find that it throws tliem all wrong 
(when (^ompiired with tlic observations) in one direction; I am therefore justified in giving them 
(the uuiuiiiuous majority) the preference, and dating the perihelion according to its distance of area 
from lliciu. Then the question arises, from which sectors exactly am I to commence reckoning the 
areas and time*s; for, beginning with any one and adding to it the areas (or times) due to the others, 
most of the others will be slightly altered. I took a sort of mean amongst them in calculating the 

2 M 2 
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From this apparent ellipse I obtained the elements of the real one, using all Sir J. Herschers 
equations, excepting in the case of 

.CL , 

cos. 0= - V -T—To; 


where I have considered that when 0 is very small, any inaccuracy in t* is much exaggerated in ^; 
and I preferred deducing ^ &om the measured length of a and of a perpendicular to it, and from (j> 
deducing r, by transforming the above equation into 

ab 

r = ■ 

y' cos. ’ 

and after due consideration, I obtained the following as the elements of the Real Ellipse; 

Major semi-axis a = 4"-226 

Position of do. .~ 822° 11' 

Excentricity ..e — *88779 

Position of node . . . . n 35° S7'*5 

Inclination to plane of projection . . y zz 37° 20' 

Distance of perihelion from node . . \ ^ 281® 42' 

Epoch of perihelion. . — A.D. 1836*5 

Periodic time.P = 177*7 years 

Inasmuch as and \ both appeared to be liable to some uncertainty, I derived the length of 
a by projection grapliicoJly from the apparent ellipse, thus satislymg myself that a and 7 were, at 
any rate, compatible. But in consequence of this uncertainty, I think it would be more convenient, 
in general comparisons of various orbits of the same star, to have regard only to those elements 
which, whilst they involve all the indefinite conditions, are themselves definite; to wit, the elements 
of tlie apparent ellipse, together with the excentricity and position of the major axis of the real one, 
and also the epoch of tlic perihelion and the period, in a word: if our ellipse is to be considered 
valid, cither the date of the perihelion must be consequent on that of the different sectors (which we 
get from the observations belonging to them), or if we take the date of the perilielion from its own 
obsciwations the dates of the sectors must be consequent on it: for the drawing of the ellipse repre¬ 
sents proportional areas in given times much more closely than do the observations. Now as to 
dating the sectors from the date of the observed perihelion, I find that it throws them all wrong 
(when compared with tlic observations) in one direction; I am therefore justified in giving them 
(the unanimous majority) the preference, and dating the perihelion according to its distance of area 
from them. Then the question arises, from which sectors exactly am I to commence reckoning the 
areas and times; for, beginning with any one and adding to it the areas (or times) due to the others, 
most of the others will be slightly altered. I took a sort of mean amongst them in calculating the 

2 M 2 
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whole time; but wlien, in comparing my orbit witli the general series of observations, 1 formed a 
far larger number of sectors at more frequent intervals of time, I found that my mean amongst 
the times did not fairly represent the mean amongst those observed, and tliat it would do no better by 
making them all 0‘1 year later; in fact I arranged the starting point of my time by noticing the 
whole range of observations instead of what I had used in the earlier part of tlie process, a limited 
selected number of them: and if the date be altered in any one part of the ellipse it must be so all 
round, or the virtue of the principle of “ the times being proportionate to tho areas” would bo lost. 

The following is a Table of Positions and Distances from tho above ellipse due to various dates; or 
rather of the dates due to various positions and distances, obtained by woigliing, for comparison 
with the past and with future observations. 
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No. V. 

(Referred to at page 369 .J 

k FAREWELL TO THE DOUBLE STAR 7 VIEGINIS. 
AT THE EPOCH OF 1858 . 

A to ceftihd€/y a^/ei •yla^nc, 

77?f//?eff/AtJ AeJ Xa^i/une/j ” 

Johnson. 


L 

Htiil glorious Pair—ineffably remote— 

Youu lights not boiTowed, but inherent shine; 
Your mystic orbs in subtile ether float, 

And prove to Man your origin divine: 

Pure double-star—bright telescopic view— 

Two aims, a central point gyrating round; 

A system binary, with orbit true. 

Its I’unn elliptic, by a period bound: 

Pcrlnips a train of planets decks each sphere, 

In endless round tlu'oughout your vast career? 


IL 


Such is the work of that Gee at Ens, of whom 
Man’s aspiration forms no notion clear,— 

Wlio holds of countless worlds the awful doom— 
So grand—so vast—it quails the mind with fear: 
Sublime is He, whom no conceptions grasp. 

Much less exalt, or amplify in word: 

Avaunt, ye blind tliat fliin his rule would clasp, 
And all his greatness to our globclet gud, 
Materializers who—in thought perverse— 
llashly would circuinsciibc the Universe. 
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III. 

Yes I there are those who, by inyerting powers, 
Measure celestial realms by our moan clod, 
Pronouncing bodies of like weight with ours 
As needful to the other works of God; 
Earnest to show that physical conditions, 

Such as exist on the terraqueous ball, 

Must form the system, or exact munitions, 

Of intellectual life throughout them all: 

This at the threshold is a gricYOUS stumble, 

And ought to make the pride of reason humble. 


IV. 

See upon Earth what marvels meet our gaze— 
The human black, the rod man, and the fair- 
The elephant, the whale, tlic ant, the rays, 

The condors, and the midges in the air! 

' The eagle wings his flight hnong solar beams, 
And nictitating meets the flood of light. 

His visual focus through the medium gleams 
On every distance which encounters sight— 
Contrast with this the groping mole, purblind, 
The duck-bill’d platypus, and the lemur kind, 


V. 

The trunk-mouth’d, suction-footed, squomosc fly, 
By many deem’d so low in Nature’s scale. 

Doth microscopic lens to sight apply— 

As the papnio—but unlike the snail. 

The promatomuB—fish both strange and rare— 
Doom’d to th’ abysses of the deepest deep, 

Has eyes enormous, and contriv’d with care. 

The glimmering particles of light to reap. 

In all of these what vast design is shown, 

For life's existence throughout every zone! 
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VI. 

Then mark their habits, see their varied food— 
Their sustentation on each local spot, 

In vales, on hills, in sands, on rocks, in flood— 
Wherever Providence has fix’d their lot. 

Not only these, but myriads beside 

Of birds, and beasts, and fishes that migrate, 

As well huge mammals in their strength and pride, 
As infusorian atoms, oculate— 

So small yet perfect, tliat with skilful hand. 

We make twice-twenty on a needle stand. 


VIL 

Study the passions of Creation’s tribes. 

Observe where instinct doth tow’rds reason draw, 
See the afiections which each class imbibes, 

And note their wiles and strategy in war: 

Men who con view unmoved these wise displays, 

Or see the seasons change without a thought, 

Can ne’er their minds to rightful standard raise— 
Their Gloria in Excolsis is as nought; 

And should the Atheist ever boast such pass, 

’Mong flocks and cattlo let him graze the grass. 


VIII. 

Here is a glimpse of the mysterious Power 
Which fashions all their destin’d path to run. 
To live for ages, or exist an hour. 

To dwell in darkness, or to brave the sun; 
E’en in ephemera purpos’d schemes are seen: 

Perfection boundless, makes the mind expand, 
Yet th’ overwise by force would intervene. 

And lock the wheels of progress to a stand. 
Not the first time dogmatic Dons have sought 
To paralyse intcUigenco and thought. 
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IX. 


Tliose reoroant Seers once quasli’d Gopemik’s laws, 
At Golileo’s grand cliscoycries sneer’d; 

And Newton’s roYclation of tlic cause 

Of movements systematic, basely fear’d— 

A dogma whidi, they said, just doctrine spum’d, 
Since Nature’s secrets ne’er sliould be unfurl’d: 
They broke St. Virgil, and poor Bruno bum’d, 
For starting antipods, and world on world. 

E’en now dark threats, albeit in tone suppress’d, 
Prove, though the spirit’s scotch’d, ’tis not at rest. 


X. 

Some wretched saws, by bloated igu’rance flung, 

The charge of blunder to large views apply; 

* If ’tis a blunder, ’tis an error sprung 

From noble root—high thought of the Most High 
These addle-headed churls, had they a chiuicc, 

Would from the human scan at once clTaGO 
The wond’rous art aifording us a glance 
Of the CREATOR and the creaiuro^a place, 

And in the void restore that dark’ning gloss, 

Which holds—‘ Quje supra nos, nihil ad nos.’ 


XL 

Vain men: to deem this speck the only core 
Of wise Omnipotence. Planets around 
May also in his endless goodness share— 

In many forms of sentient life abound. 

Such is, at least, a rational belief, 

And observation gives it valid force— 

Such to examine is a step in chief 
To raise our worship to its highest source: 
For glowing intellect can ne’er he found 
Better employ’d, than in this course profound. 
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XII. 

One sturdy dolt the telescope decries, 

One secs the sun no bigger than a cheese, 

One deems it wicked to aid natural eyes, 

And all stand fordi an ignorant horde to please. 
Tis said by Bacon that we—‘ cannot fly 
Upon the Senses’ gaudy waxen wings 
To gain the secrets of the Deity ’— 

Yet sucli the rant with which the welkin rings: 
Dare they deny that the Almighty’s hand 
‘ Could form a world from ev’ry grain of sand ’ ? 


XIII. 

E’en leam’d Ignotus^ ’midst such scenes as those, 
Devoutly bent to tome the waywaa'd mind. 
Jests about ‘ potters’ wheels,’ and ‘ fislics’ roes,’ 
And ‘ lumps of light ’ instead of stars can find; 
In the dim nebuke ‘ whifis of smoko ’ he’ll see, 
The distant orb is but our system’s * spark,’ 
Wliile planetary globes of small degree 

Are ‘ bits ’ which bungled manufacture mark! 
Ah, when a mortal second agents plies, 

How quick the Majesty of Causes flies. 


XIV. 

Such fallacies wild Quid-nuncs love to chose, 
Although no evidence by them is brought; 
While circumstance, and our own system’s case, 
Support suggestions rear’d by forceful thought. 
For, from analogy, can Demus doubt 
That on its axis rotates every sphere— 

Or hold that other planets roll without 
The gaseous envelope called atmosphere? 

They show their years and seasons to our gaze, 
With the allotment of their nights and days. 

3 N 
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XV. 


All tliis with, sacred lore doth, coincide— 

Religion’s cogent word ne’er swerves from truth— 
The Royal Psalmist hints of worlds beside 

The one on which he pass’d his age and youth; 
Science agrees, whichever way we look, 

With reason, and with revelation too, 

Nor is there an expression in the Book 
To militate agaiast the plural view; 

Then why should school-men lead weak minds aloof 
By crahb’d assertions, sans a single proof? 


XVI. 

The Bible spiritual matters treats, 

And to the thinking being comfort brings; 

It rarely dwells on physical —or meets 
The querist’s doubt upon material things: 

But that the heavens with countless orbs are strewn. 
In complicated yet arrang’d position. 

Marking God’s finger, to our view is shewn— 
Though little of their nature or condition: 
Jehovah there—^in type distinct and terse— 

Sets forth the Great Book of the Universe. 


XVIL 

Bright emanations of maturest care 

Have roused to anger the contracted mind— 
Others disparagement of science swear, 

Tow’rds wealth and power an easy road to find; 
Intelligence Sbprbme they mystify. 

In fierce though unsubstantial argument; 

To serve such purpose see the ready lie, 

Working in evil way, however meant: 

Some have been forc’d to eat their words untrue, 
And sorry food they ever found them too. 
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XVIIL 

Fear not, Phil-astcra, suck control as tliia, 

Yours is a step towards a good concltision, 

At all events it speaks tliat mental bliss 
WTiicli scorns to think the Logos works confusion. 
Nor have the Pundits ‘ had you on the hip/ 

Albeit they trumpei loudly in defiance; 

Keep your course steady like a goodly ship, 

And on Analogy place firm reliance; 

Your theory of cosmical economy 

Rest on Induction, source of tmo astronomy. 


XIX. 

0 Virgin’s gem—meet for astrolatry— 

Gamma, the true of the sky; 

0 glowing orbs, whose mystic ways to see. 

Full thirty years have occupied mine eye. 

Your long ellipse, in intcrvolved maze. 

Yet under orderly harmonious motion, 

Bade, while unfolding to my ardent gaze, 

My thoughts to palpitate wiiJi strong devotion: 
My soul seem’d bounding horn its mundane clod. 
To peer, ‘ through Nature, up to Nature’s God.’ 


XX. 

But e’en while struggling in om* mortal coil, 
Unboimdod mercy through the whole appears, 
Thus to permit of Heav’n a glimpse the while. 
And mark a guerdon for our hopes and fears. 
By contrast then, how poor all worldly strife. 

The Politician—the ambitious Fool— 

The Courtier wedded to a spurious fife— 

The toiling drudge for riches. Fortune’s tool; 
Still poorer they whose days—a numerous caste— 
In idle sensuality are pass’d. 

3 N 2 
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XXL 

To those who with me watch’d yon glorious track, 
I owe the strengthen’d purpose of my mind; 
Herschel, with zeal, did my exertions hack, 

Thus acted Airy, Wrottesley, Adams, Hind; 
All these sustainers claim my warmest praise— 

So worthy Johnson, and Mend Fletcher too; 
For every aid my grateful thanks I raise. 

Since I must hid you, heavenly paib, adieu! 
And fuiiiher steps your orhit-courso to gain, 

I leave to Dawes, to Pogaon, and to Main. 


XXIL 

For now at seventy years—‘ threescore and ten *— 
I cease my nightly vigils in your cause, 
Kejoioed t’havo plac’d before the eyes of men 
My mite to fix the knowledge of your laws: 
And while we prove that in those realms ofiar 
Mysterious guavxtation holds its sway, 

While man with optic pow’r can scan each star 
And find their sev’ral data day hy day— 

Well may we echo what the Poet said, 

‘ An undevout Astronomer is mad I ’ 


St, John's Lodge^ near Aylesbury. 
1858. 


W. H. S. 
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NO. VI. 

EXTRACT FROM ADMIRAL SMYTITS ADDRESS TO THE ROYAL 
GEOGRAPHICAL SOCIETY. 

(Referred to at page 397.) 

“ Tlio papers read at these meetings were communicated by Fellows and zealous travellers from 
aU parts of tlio globe; and, as they consequently relate to its various and particular quarters, I 
shall take the liberty of citing some of them in connection with those parts in detail. I will therefore 
at present only caepress how greatly wo have been indebted to the contributors of such documents 
for the information given, as wcU as to those gentlemen who favoured us with the results of tlicir 
actual knowledge—derived either horn experience or well-directed inquiry—^in the interesting 
discussions which followed the several readings. These evenings have indeed greatly gratified me, 
in the obvious proof they have afforded of our possessing steady friends who take a permanent 
concern in the adviinoement of the objects, and in the continued prosperity, of the Society. 

Those communications whidi relate to the important consideration of the instruments essen¬ 
tially requisite for scientific travellers are of paramount interest to a Society of Geographers: and 
in tliis light we may class two which wore received in the past year; since, however open to prac¬ 
tical objections, they arc very likely to lead to useful investigation, and consequent valuable results? 
in the instrumental means of measuring the heights of mountains. This has been effected with 
great exactitude by moans of llie simple yet powerful Torricellian Tube; and the only objection 
ever yet made to its use has been its difficulty of transport among abiupt heights.* In probing the 
revealmcnts of science, it is advantageous, for general argument, to assume certain conditions as 
being undeniably, if not absolutely, true. Now tlio mean gravitation exerted upon the surface of the 
earth by the atmosphere, as indicated by the barometer, equals a column of mercury 30 inches 
high; that is, the column of air pressing upon the open end of a bent tube filled wMi quicksilver, 
exactly balances that quantity which represents a compression of 16 lbs. upon every square inch of 
surface. Here then is a natural scale for ascertaining the pressure; which pressure is a compound 
of the weight of the gaseous envelope and tlio elastic force of the aqueous vapour contained in it. 
Various contrivances have been from time to time suggested for determining torrcHtrial altitudes, 
but no faith can be reposed in any other method except the expensive ones of triangulation and 
levelling. My own recorded trial of ascertaining the height of Mount Etna in 1814, by moons 
of boiling water and a very sensitive thermometer, was but an experiment. 


♦ This difficulty I couBidex to be couBidcrably exaggerated, as is stated ia my “ Uinta to Travellers,” publiflhed 
in the XXIVth volume of the Journal of the Iloynl Geograi liical Society, page 336. In general, when ascending 
mountains during my Mediterranean Survey, the barometer was placed—well slung, and with its upper end 
down—on the back of a steady and careful seaman of my boat’s crew. 
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exthAlOT prom admibax smytii’s 


“The first of the communications alluded to ‘was entitled, *Tlei narks on (lio Us(‘ <»l I In 
Aneroid Barometer,’ hy Colonel Yorke, late of the Scotch Fusilier (huirds, uiid mm your 
Honorary Secretary; who, during a journey upon the Continent last Buniiiun*, gave that inslrument 
a very fair comparison with an ordinary barometer under dilTerent circuinstaiu*(‘H nnd uf (lill'erout 
heights, the whole of which he has placed before the Society in a tabulutcd I’onn. h roiu th<‘ 
of these operations, Colonel Yorke is led to conclude that ihis instruineut nuiy hi‘ us<*tl Mitislavlorily 
when sudden changes of atmospheric pressure ore desired to bo shown; also to (loLcnulno didonuuM’H 
of level, when it can be compared before and after tlie obaorvutioiis, and within iid liours» with n 
good ordinary fixed barometer. The Aneroid should, previously to l)cing used, ho. (’andully triod 
with the barometer, at low pressures under an air-pump; and wlicu in iih(*, slmuhl alwayw hi* 
observed in the same position. 

“ The second paper on the subject was Irom Dr. Buist, of Boinl)iiy, h.lt.S. I liis gonth'iuau 
has entered fully Into the construction and use of the Aneroid Baroineic’r, ami ciindully (‘iunpari’t! it 
both with the Torricellian Tube and the Mountain Sympiosonietcr. Among <»LU(a’ nMuiirks uu (ho 
Aneroid’s performance, Dr. Buist says, in summing up, ‘ Should Mr. Adi(fH sunniso i)rovo 
and the Aneroid at pressures under 28 inches cease, as at present cut, to harni(nd/.«‘ with tin* 
barometer, it would be well, with an instrument so compact and couvonienl;, in sot' whollior a 
series of Aneroids could not he so made as to serve in succession h)r any onlinury tdrvaliim; nr 
whether the portions of the scale lower than those on the common Aiuiroid might nt)t he ho 
as to afford the correct pressure. One instrument might scivo for the fiuHt 2000 lla'lj a soi'nnd wln-u 
only marked up to 28 inches might carry us 2000 feet higher, and so on, Tlu‘ inultor might ht* 
very easily determined under the receiver of an air-pump, without actual uscouL, llii‘ Imroiuftrir 
gauge with a good scale answering as well as the haroinctor itselC.’ 

“ How it must he rememhered, that after tlie first introduction of this inisiKHmn’cd*' instnuiumf 
at the Swansea Meeting of the British Associatiou, in 1848, it was so Ruccossfidly ndvortihotl uh si 
perfect means both for meteorological observations and for obtaining (liiri‘r(‘uccs of h^vrl, that many 
travellers, captivated by its ingenuity of principle and handiness of structure, togelliei* with its jior- 
tahility and fecility of observing, were induced at once to snbstltuto it for tlu‘, mercurial huriimelcr. 
On an examination of the instrument, however, it struck me drat these assumptiouH loo hasty; 
for, notwithstanding its being so beautifully compact, and its capability for showing average iliili*- 
rences, I could not hut consider its complexity as an ohstaclc where a tj'avelh^r c(»uld ol>lain neillier 
workmen nor comparison, so that injury would he irreparable, and oixors might remain without de¬ 
tection. A trial which was made with a fiiond, Mr. Ardiui Kelt Barclay, oji Leilh Hill in Surri-y, 
which is 993 feet in height, was satisfactory; but then, wc had a staiidai’d buronuitcr in r<‘(l*r to, botli 
before and after the operation. Further inquiry showed me timt ulterior improvement is wanting 
before the Aneroid can he trusted otherwise than as a journeyman to the Tomcc.lliun 'rul«‘, in the 
manner of a job-watch to a box-chronometer. But still, if it will only servo I’or iieiglits ol‘ 3000 


♦ I said misnomered, because if M. Nidi, the inventor, derived it from A-^ripbc-^niioQ.io a Ibrm without 
fluid, it docs not explain what the instrument is ; nor is the hotter translation very iiim^h more uceeiitiUihs wlilcli 
renders it—perceivable without moisture. 
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feet, its use as a travelling instrument is very limited indeed; and wo have just seen tlic adjustment lor 
fresh starts proposed by Doctor Buist. When the atmosphere becomes more rarified than the gas cou- 
taiuod in the cylinder, its corrugated surface dilates to its full extent, and ceases to (exercise any 
influence upon the levers and index of the dial plate; so that the latter is liable to become stiitiomuy 
at an elevation of between 3000 and 4000 feet. Hence the indications arc5 very anomalous in 
extreme cases, the very ones in which a traveller would have most need to use it, namely, in 
measuring mountains, not hills. Other objections may apply to the moveable index and the 
pcrisliablo materials used within the case, while the scale is nothing fixed in nature, and can novel 
bo treated per se nor can cither the zero point of the scale, nor oven the value of it, remain 
constant. 

“ I therefore consider it a duty to remind you, that as Lho machine depends altogether on tlu' 
accuracy of the experimental trials of Ihc workmen, which you have no hold over, no Aneroid ob¬ 
servations con be absolutely depended on, and therefore ought not to be used for any scientific ]niri)ost‘, 
unless the particular instrument has been tested by comparison with a barometer afc three difibrent 
and distant parts of the scale, before and after the ohsorvationa.” 


NO. VII. 

ON CEETAIN LOCAL GEOGEAPHICAL OO-OEDINATES. 


{Seepages 173-176.) 


Before closing tins volume, it may be os well to say a word or two respecting corUiin tojx)- 
graphical conditions of the immediato vicinity, since they are uselul to some, and iiitt^vcsLiug to 
olhers. Before coming to what arc strictly termed stationary points, it should be Btat(‘d that I lie 
culminating knolls around attain a height of nearly 600 feet above the German Ocean; but, as tliis 
is grounded rather upon estimation than standard comparison, the absolute altitudes cannot be 
considered as yet ascertained. The fl.oor of the Market Clock-house at Aylesbury is asserted to be 
298 feet above the high-water mark at London Bridge. I know not tlie authority on whi(ili tliis 
statement is advanced, but the inquirer for the datum point will find—on referring to tlie Pliiloso- 
phical Transactions for 1837, page 440—that London Bridge is exactly 1()’7644 (or lO-J) f(H‘t 
higher than the mean level of the sea. 

Those patient readers who have waded thus far with us may remember that, in arranging tri¬ 
gonometrically the position of Hartwell Observatory from the Ordnance stiition of Aylesbury Church 
(page 175), I mentioned the rumour which had obtained of General Eoy’s data requiring further 
correction. Since that whisper was printed, I applied to the fountain-head for accurate inlbnnafcion 
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on ike subject, and have, by the kindness of Colonel Henjy James, of the Uoyal 
favoured with, the following tested determinations: 


Object. 

Aylesbury church spire . , . • 

Stone church tower «... 

Dinton church tower ... * 

Elleaborough church tower 

The ground at Elleaborough church tower 
Combe Hill, due east of Elleaborough . 


liatitude N. Longitmlo W. 

61° 49' 02"‘70 0° 4H' OV'-Ol 

61°48'10"-53 0° 51'4G"‘1)5 

61° 47' 33"‘20 0° 53' 17"*()() 

61° 46' 09"-15 0° 47' 17"‘97 

. 449'65 foet iii hciglil.. 

811'51 - 


under which correction our former conclusion as to the relative station of lliirtvvc.ll Houst' 
Observatory must now stand as being in 

Latitude, 51° 48' 16"'28 N. Longitude, 0° 60' 41"-22 W, 

This agrees very feirly with scientific inferences derived from obHc^viition; mul, agrciMibly U> 
a projection drawn upon graduated paper by inspection, the position of the centre of luy roHidtuiei', 
St. John’s Lodge, ought to be about 

Latitude, 51° 47' 39"-30 N. Longitude, 0° 51' 19"'80 W. 

Such were the normal conditions of the case arrived at by Colonel JaiiioH’s connnuniciithni; 
and, as they were quite equal to all possible requirements for local puiq'>oHCJH, I was lying |nx‘Lty 
contentedly on my oars. But my son-in-law, Captain Henry Toynbee, well known in llio iiiuil.iciil 
world for his zeal in advocating the practicability of obtaining sca-raLoa for clirononieters by itKiuns 
of Q and D and * D * , arrived here from a voyage to Madras, on a visit of HuHicicuit duration 
to admit of an useful expenditure of time. Being very desirous on professional bearings to uscerliiiii 
—by direct experiment—^how close to truth lunar distances taken on shore wouhl iipproxinu»l.i^ to 
standard points, he undertook to try the problem with a sextant and an artificial horizon. 'Flu* 
jreaults which he thus obtained were compared for verification willi some tlujodoliU^ angles sub¬ 
tended from a carefully measured base-line of 300 feet, in an adjacent licltl to the westward, and 
then carried to the station of the Ordnance Survey, or grand triangulation of the kingdom. 'Flie 
following is his report to me of the consequent results, and is dated 17th December, 1869;— 

At your request I have drawn up the following results of my observations with the si'xtimt on hIkhh*, 
and have also trigonometrically connected them with Stone Church and the Vicarage, tlu^rcby ctiinpiiriug 
my position of St. John’s Lodge with the Trigonometrical Survey. These are the steps taken— 


Latitudos of St. John’s Lodgu. 


By Her. Alts, of the 0. 


Oct. 5th, 1859 
,, Sth, ,, 
Nov. 24:th, j, 

n&o. ff 


N. 

61° 47' 47"-8 
61 47' 86" 

61° 47' 46"-9 

4) 190 48*2 


By Alts, of 4(6. 

Oot. 6th. By meridian alt. of Morcob. 61“ 47' N. 

„ 17th. By moan of 6 alts, of Polar jfc 61° 48' ll)"-4 

Dec. 10th. By meridian alt. of Marcab. 61° 47' H" 

„ By moan of 6 alts, of Polar jjc 61° 48' 16" 

4) \m 61-fl 


Mean of 4 0 b. 61 47 42*1 N. 


Mean of 4 ^ s. , 


. 51 47 42-iiN. 
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No observations have been rejected; these eight are the only sights I have token for the latitode up o 

the present time, and the results require a few remarks. The sextant used is a goo one y “ 

agreement in the © latitudes may be accounted for by the same screens being used to hnd the 
of the sextant as were used in measuring the altitudes of the sun, whereas no ^ 

taking the altitudes of stars; therefore the index-error found with screens is not appbcab e o o s 

taken when no screens are used. . , ^ ^ i,„ d... 

I did apply the iadex-error found with screens to the star altitudes, and the effect was to make tin 

angle measured 1 ' 10 " more than truth; but it was annihilated by picking stars on opposite sides of the 
meridian. This supports the opinion I have long maintained, that each screen affects the angle measui-ed 
differently. Marcab’s alts, give nearly the same latitude on botli nights, as do the North Stoi- s; and then 

mean agrees well with the 0 . . 7 . . .. 

When no screens, or very Ught ones, are used, the index-error of the sextant, in this state, may b 

found by bringing the direct and reflected images of a star to overlap. t 1 1 

Regarding the longitude, I shall now proceed to give the results of my lunar observations at St. John s 

Lodge 5 which are expressed in differences of time:— 


© E. 3) 

m b 

Oot. 218t, 1859 1 67-8 West. 

2 00-6 „ 

„ 22nd, „ 167-7 „ 


4)7 1-4 


Mean of © E, ]) 

1 67*9 West 


E. }) 


m 8 

Nov. 30th, 1869 

1 43*9 West. 

>1 ti St 

1 39-7 

Deo 1st, „ 

1 31*6 

ft ft »» 

1 47-6 

Deo. 8rd, „ 

1 37*0 

91 19 M 

1 26-0 


8)9 44.7 

Mean of jjc E. ]) 

1 37-6 West. 


Nov. 28th, 1869 

Jl »l »» 

Mean of © W. }) 


Deo. 3rd, 1869 

fi it ft 

Deo. 8tb. „ 

M » n 

Mean of jjc W. D 


© W. 3) 

HI I 

3 61'6 West. 
8 41'6 

2)7 33-1 

3 46-C WoHl. 


^ W. 3 ) 

m tt 

7 17-0 West. 

7 13*3 
6 46-2 
6 19*3 

4)26 86-8 

6 39 WcBt. 


From the above I derive the following general mean:— 


Mean of 0 B. ]) . 

Mean of © W. . 

Mean of ^ . 

Mean of jjc W. li . 


1 67-9 W. 

8 46'C W. 

1 37-6 W. 

6 39 W. 

4)14 01-0 W. 


Longitude of SL John’s Lodge by the mean of © and sje, E. and W, of D 3 80^3W. 


Hence I have the following position for St. John’s Lodge:—61° 47' 42"*5 N., 0 ° 52' JO" W. 

3 o 
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! 

Accompanying this is a projection of the base-line and angles measured at your BUgg(‘Hti()ii, by wliich 
I experienced the admirable facility and utility of the theodolite. To make my cudcavour more coiu[>h‘Lc, 
the following positions of St. John's Lodge, and its relative dillerences of level, are given:— 

Latitude. Longitude,. 

By trigonometncaa reduction .61° 47' 39"-30 N. 0° Cl' \V. 

By my obaervationB with the aeiLtaiit .... 61® 47'42"'6 U° C‘i'3(1" W. 

The lower part of the weathercock of Stone Church is 72ft. Bin, highei* than the chimney of St. JuUu'h Lodgi*. 

The chimney of the Yicarage is 44fL higher than the oblmney of St. John's liodge. 

The weatheroock of Dinton Church is 3Cft. 6in. higher than the chimney of St. John's Lodge. 


It must be said in conclusion, that the above individual ‘‘ lunars ” are not so satiaCictory an tUosc wliicJi I 
have taken at sea, and I am therefore led to think that lunars give more correct results when takcin in 
variable lower latitudes than in a fixed high latitude during the wnter. This remark is most applieabk In 
sun lunars; but the steady agreement between the single lunars on one side of the moon show wIkiI 
rates to chronometers may be obtained after the lapse of a month: and the mean of all the lunars lakon (for 
not one has been rejected) agrees to a mile with the true longitude. 




INDEX, 


A(5{icia, C'apct, sc.naitivoiiGSB of, 36 
Adams, J. 0., on tlic eclipse of 1858, 38 
- * — — on y Yirginie, 364 
^ — discovers Neptune, 418 

Address to the Royal Geographical Society, 4G1 
Admiralty, the, declines steam, 112 
Agesiamix, on lunar s])ota, 25 
Airy, G. B., t)U the eclipse of Thales, 5 
- - on the Free Revolver, 17 

— on Rolnr eclip8(is, 34 
— - -- on the (‘olipse of 1858, 38 

--— on the tropical year, 51 

-on y Cor. Borealis, 263 

- on 36 Ophiuchi, 276 

--Ins account of Neptune, 409 

--on Barlow’s object-glass, 432 

Akehurst, Mr., traces a meridian-line, 174 
AlhowiNsili, near Tunis, 5 
Al])honHUH VL, shoots at a comet, 372 
Alt-azimuth instrument, recommended, 170 
Anuiricau nu^thod (V), the, for transits, 141 
Audromedna 36, motion of, 219 
Androiuedoj y, binarity of, 222 

_Sir W. K. Murray on, 223 

Anemometer, improvements in the, 396 
Aneroid Barometer, coiisidei*ed, 397 

__its defects, 462 

_why so called, 462 

Autarcs, as seen from Teneriffo, 273 

_duplicity of, 272 

Autiuoi, 26, P. XX,, lixily of, 293 
A<[uarii 29, motioji of, 297 

__...-coloiu's of, 298 

__CapUiin Jacob on, 298 


Aquarii 29, Lord Wrottesley on, 298 
Aquarii 69, P. XXIII. motion of, 300 
Aqnarii S, discoidances of, 298 
Aquilas a, not variable, 288 

-companions of, 288 

Arago, M, on the Earth’s crust, 50 

-on variable stars, 105 

-on /3 Persei, 326 

-his Popular Astronomy, 115 

Argelander on variable stars, 103 

-- on e Lyres, 286 

Argus rj, a variable star, 108 

-Lieut. GillisB on, 109 

-Professor C. P. Smyth on, 109 

-Sir J. Herschel on, 110 

Arietis y, proper motion of, 221 
Arietis e, orbit of,*225 
Arthur, King, typifies Ursa Major, 250 
Artist, meaning of the term, 119 
Artists, should colour from nature, 332 
Asteroids, the, lately discovered, 62 

-mass of, 65 

--distances of, 65 

--— paths of, 66 

_force of gravity on, 66 

_names of, 67 

___divided amongst observers, 67 

_— appearance of, 68 

__— N. Pogson on, 68 

___tbeir discovery, 69 

___historical table of, 70 

_elements of orbits of, 71 

--discovery of, 407 

I AstrflBa, discovered by Hencke, 63 

3 o 2 
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Astronomical Dictionarj, 209 
Astronomical Sooietj, its medal, 427 

-Memoirs of, referred to, 448 

Astronomy, CMnose, 2 

-elevating influence of, 402 

-Poptdar, by M. Arogo, 115 

Aurigsa 14, fixity of, 229 
Aurigj® 26, fixity of, 231 

-measured by Lord Wrottcslcy, 231 

Aylesbury clock-house, its height 4C3 

Baily, P., on the eclipse of Thales, 5 
Baily’s beads, seen in 1820, 34 
Biirolay, A. K., on y Yii'ginis, 858 
Barentsz, meteoric phenomenon, 391 
Barlow, Professor, his fluid object-glass, 158 

-Report on his object-glass, 481 

-suited for stars, 438 

-compared with a refractor, 438 

---oflbeted by temperuturo, 438 

Barometer, Aneroid, considered, 397 

-its defects, 4G2 

Barometer, mercurial, value of, 461 
Baxendell, Mr., on variable stars, 105 
Beaufoy, Colonel, his joumeymnn-clock, 158 
Bedford Catalogue, re-examined, 801 
Bedford Observatory, 120 
Bedford Telescope, transferred to Hartwell, 153 

-mounling of, 163 

Bessel, Professor, on Satiun, 75 

-on binary systems, 238 

-on 61 Cygni, 296 

-on a now planet, 411 

Betelgeuze, a variable star, 104 
Bevan, Mr., his death, 131 
Biela’s Comet, discovered by G-ambart, 96 
Binary Comet, Professor ChalHs on, 07 
Binary System, Bessel on, 238 
Bishop, G., his observatory, 64 

-his telescope, 154 

Blair, R,, his fluid object-glass, 169 
Blindness-colour, 333 
Bode’s empirical law, 406 
Bond, W. C., discovers a satellite, 82 


Bond, W. 0., elected an A.R.A.S., 83 
Bond, G. P., jihotographs Mizar, 240 

-on stellar photography, 285 

-on Saturn’s ring, 77 

-on Neptune, 431 

Bootis a, proper motion of, 255 

-variability of, 266 

-covered by Donad’s Comet, 256 

Bootis steadiness of, 267 

-variability of, 258 

Bootis e, fixity of, 268 

-singleness of, 258 

Bootis 39, motion of, 259 

-colours of, 259 

Bootis motion of, 259 

- colours of, 259 

Bootis 44, biuarity of, 260 

-colours of, 260 

Bootis motion of, 261 

-J. R, Hind on, 261 

-elements of, 261 

Borron, Mrs., on Neptune, 431 
Beuvard’s Tables of Uranus, 408 
Bradley, his obsorvatious of y Virginis, 353 
Brabminic diagram of the Planets, 412 
Brewster, Sir D., on coloured sUirs, 315 
British Assooiadon Catalogue, results ironi, 283 
British Meteorological Society, 385 

Camelopard! c, modon of, 228 
Campani, G., telescope by, 124 
Cancri R., and S. variable sUirs, 104 
Cancri fixity of, 289 
Oanori S, orbit of, 239 
Cancii u^, motion of, 240 

-colours of, 240 

Canis Maj. ju, jmomalies of, 234 
Couis Maj. e, difiicultics with, 234 

-Mr. Maclear on, 234 

Canis Min. a, variability of, 236 

-Mr. Fletcher on, 237 

-Mr. Dawes on, 237 

Cannon-ball, slowness of a, 100 
Canum Yenat. 12, fixity of, 248 
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Canum Venat. 12, colours of, 248 
Cauum Venat. 51 M. Sir J. Herachel on, 250 

_Mr. Morton on, 251 

_Lord Kosse on, 253 

Canum Yenat. Preo. 3 M., elongation of, 255 
Carrington, Mr., on solar spots, 28 
Cassiopeffl a, variability doubted, 10i 

-distance of, 217 

-lucida of, 217 

Cassiopess t;, orbital velocity of, 218 
Cassiopeae c, fixity of, 301 
Casting of a polar-axis, 305 
Centauri a, a variable star, 109 

-Mr. Hind on, 110 

-- distance of, 209 

Century, Day of, useful, 268 
Cepbei tt, fixity of, 300 
Cepbei /3, fixity of, 297 

-colours of, 297 

Cerquero, Don Sancbez, bis life, 6 

Cervantes, on solar spots, 25 

Ceti 26, motion of, 219 

Ccii 42, angular motion of, 220 

Ceti y, fixity of, 224 

Cbacornac, M., on variable stars, 104 

___ on missing stars, 238 

CbaUis, Professor, on Neptune, 417 

_on Biela’s Comet, 96 

Cbevreul, M., on colours, 330 
Cbromatic personal equation, 333 
Cbromatio scale, necessity of, 331 
Cbronomcters, rating of, by lunars, 464 
Cbronoscope, invented by Wheatstone, 143 
Cburob of England Quarterly Eeview, 344 
Circle, reflecting, by Trougbton, 169 
Clarke, Alvan, discoveries of, 225 

__ on fx Heroulis, 280 

Climate, obanges in, 394 

Cbmate, Italian, unfavourable to astronomy, 46 
Clock observatory, described, 134 
Clock-rate, importance of a good, 138 
Clock, weights of a, 137 
Colour blindness, 333 
Coloured stars, their light, 315 


Coloured stars, differ in reflectors and refractors, 314 

_-list of,by Sestiniand Smyth,309-314 

_Hat of, from Teneriffe, 315 

___low ones to be eschewed, 327 

_proportions of, 307 

___require many observations, 327 

__rules for observing, 327 

___— variations in, 319 

--to be watched, 326 

Colours, to be observed in the tropics, 334 

-M. Cbevreul on, 330 

-complementary, in stars, 318 

--determination of, 328 

_determination of, at Hartwell, 330 

-different velocities of, 322—324 

-difl&oulty of remembering, 331 

-harmony of, 319 

-importance of, 331 

-mode of determining, 383 

-nomenclature of, 318 

-Mr. Hind on, 245 

_of double-stars, 806 

_of stars should he watched, 008 

_produced by the object-glass, 328 

-standards of, 329 

-undulations in, 319 

-varying tints iu, 331 

Comfetes, son! des vents do I’espace, 374 
Comet, possibility of collision with, 95 

-Biela’s, divides, 96 

_must be watched, 98 

-mystery of, 98 

_binaiy, Prolessor ChaUis on, 97 

__ Donates, passes over Arcturus, 256 

___description and figui’e, 93, 94 

-- Encke’s, described, 371 

-of 1843, 93 

--Halley’s, described, 89 

-of 1811, view of, 92 

___ compared with Donati’s, 91 

-of 1680, 91 

Comets of long period, 94, 876 
Comets of short period, 95,377 
-light of, 37 6 
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Comets, liglit of, Mr. Pogson on, 257 

- omens from, 872 

-researches into, 373 

-tails of, 880 

ComoB Berenicis 2, fixity of, 246 
Comas Berenicis 35, to be watched, 248 

-colours of, 248 

Comas Berenicis 42, singleness of, 249 
Compass, variation of, observed by Halley, 9 
Compound-free-revolver stand, 15 
Concord, Temple of, 139 
Condensation of Nebulas, 112 
Constant of resistance, 375 
Cooke, T., bis telescope, 302 
Cooper, E. J., on Missing-stars, 237 
Copernicus, legalised by Pius YII., 116 

-unacquainted with -Ajistarohus, 7 

-lunar mountain, 54 

Cor Caroli, colours of, 330 
Corona, variable star in, 104 
CoroncB Borealis i|, elongation of, 260 
Coronas Borealis y, closeness of, 262 

---variability of, 262 

Coronas Borealis is optical, 262 
Coronae Borealis o-, motion of, 271 

-orbit of, 271 

Cowley, quoted, 131 
Cowper, quoted, 388 
Crateris 17, brightness of, 245 

--motion of, 245 

---Lord Wrottesley on, 245 

CiTist of the Earth, 47 
Cultivators of science, a list of, IS 
Cygni / 3 , proper motion of, 286 

•-brightness of, 286 

-- colours of, 286 

Cygni 5, binarity of, 287 

-orbit of, 287 

-double-star near, 288 

Cygni colour of, 294 
Cygni 49, fixity of, 294 
Cygni 429 P. XX. fixity of, 295 
Cygni 61, importance of, 296 
- discordances of, 296 


Cygni 61, proper motion of, 296 

Daniell, J. F., on Meteorology, 384 

Dmite, sees Cain in the Moon, 59 

Darwin, E., Requiem on the Solar Sysium, 408 

Dawes, Rev. W. R. hia solar (jyo-puice, 28 

---on Mcrcuiy, 42 

-sees dots on Jupitor, 72 

-on Saturn’s ring, 76 

-— discovers Saturn’s tliird ring, 77 

-on e Bootis, 258 

-on a new doiihlo-star, 287 

-on y Virginia, 35i) 

-quoted tliroiighoul. 

Daylight, on observing stos by, 1 M 

Day of Century useful, 268 

De la Rue, W., hia plates of the Muon, 57 

-hia drawing of Saturn, 78 

De Lille on the Sun, 383 
Dell, T. on the eclipse of 1858, 38 

-hia observatory, 127 

Delpbini, 178. P. XX. cloRoness of, 293 
Dembowaki, M., on coloius, 231 

-on 02 Cancri, 289 

De Morgan, on History, 8 

-on Galileo, 117 

-on Neptunian discussion, 429 

Do Veer, G. sees a parholion, 391 
De Vico, Professor, on colour, 306 

-driven from Italy, 307 

-a zealous Astronomer, 308 

De Witte, Madame, her model of ihe moon, 58 
Diaphragms, reticulated, use of, 215 
Dickinson, J., his card-board, 355 
Discoverers, would-be, troublesoiim, 285 
Distance of stars, 100 
DoUond, J., his fluid object-glass, 159 
Dome, construction of, 150 

-raising of, by Mr, May, 152 

Donati’s comet, 98 

■---passes over Arctiunas, 256 

Double-star, a new, 293 
Double-stars, measuring of, 215 
-re-measui'cd at Hiirtwell, 208 



INDEX. 


471 


Double-stars mcutioncd by Ptolemy, 209 

-Sir W. Herscliel on, 210 

-Micbell on, 209 

-Lord Wrottesley ou, 301 

-colours of, 306 

-orbits of, 211 

-parallax of, 154 

Drach, S. M., translates Job, 227 

-on Khazzan, 261 

Dracouis ??, triplicity of, 273 
Draconis p, motion of, 276 
Druconis e, fixity of, 289 

-Lord Wrottesley on, 289 

Dumb-bell nebula, 290 

Earth, centre of, 49 

-- crust of, 47 

-diagram of, 48 

-Mr. Hopkins on, 49 

-Arago on, 60 

-density of, 47 

-heat of, 47 

-its rotation, 11 

— - thermometers, 392 
KolipHC, annular, of 1858, 34 

_solar, observed by the Chinese, 2 

-- of Thales, 4 

Eclii>ses, solar, 32 
Ecliptic, ol)li(iuity of, 51 
Elccti‘ 0 -magiietism, used in Astronomy, 1 
Empirical law of Bode, 406 
Encke on 70 Ophiuchi, 281 
-his comet, 371 

_drawn by C. P. Smyth, 371 

--path of, 378 

___elements of, 381 

Epps, Mr., Ms meridional observations, 168 

-__ buried at Hartwell, 168 

- Ills unreduced observations, 176 
Equatorial telescope, 147 

___ tower, 147 

_ ___section of, 149 

Equinoxes, precession of the, 115 
E<iuulci X, colours of, 295 


Equulei X, new star near, 295 

-proper motion of, 295 

Eridani r^. Captain Jacob on, 225 

-companion of, 225 

-98. P. m. motion of, 226 

-Captain Jacob on, 226 

Eridani 32, fixity of, 227 

-, colours of, 227 

Errata of the Cycle, 217, 232, 242, 347 
Erroneous statement, an, 115 
Errors, probable, in Transit Observations, 146 
Errors, typical, 114 

Etna, Mount, recommended for astronomy, 164 

-height of, 461 

Evans, Bev- L., his instruments, 120 
Everest, Colonel, on iJie Sextant, 170 
Everett, Hon, E, on Hyperion, 82 
_on W. C. Bond, 83 

Farewell to y Virginis, 453 

Fasel, M., sees a paraselene, 388 

Ferrer, Don J. de, on the ecliptic, 169 

Festina lente, a good motto, 214 

Feuill^e, P^e, on a Centauri, 209 

Fletcher, H., his fomidry, 305 

Eletcher, I. senior, observed transit of Venus, 46 

Fletcher, I., on the eclipse of 1858, 37 

_- on variable stars, 103 

_on rj CassiopesB, 218 

__on a Bootis, 256 

_mounting of his telescope, 302 

_Hs astronomical zeal, 302 

_his new observatory, 302 

___on y Yirginis, 360 

_ _quoted throughout. 

Fluid object-glass, described, 158 

_Barlow’s, 431 

Forbes, Professor, long thennometeis, 392 
Foucatdt, M., on rotation, 11 
Free-revolver stand, -woodcut of, 15 
_.Airy’s opinion of, 17 

Galileo, observes stars by daylight, 114 
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Galileo, De Morgan on, 117 

-imprisonment of, 118 

Galle, Dr., on Saturn’s ring, 80 

-finds Neptune, 416 

Galloway, T., on solar translation, 39 
Gambart, discorera Biela’s Comet, 96 
G^sendus, Mount, represented, 65 
Gautier, Professor, on magnetism, 31 
G^ber did not invent Algebra, 6 
Geminorum U., a variable star, 107 

-to be obseived at Hartwell, 128 

Geminorum 38, motion of, 233 

-colours of, 233 

Geminorum binarity of, 235 

-Mr, Hind on, 285 

-Captain Jacob on, 235 

-Mr. Fletcher on, 236 

Geminorum 5, motion of, 235 
Geminorum k, light of, 238 
Geographical co-ordinates, 463 
Geographical Society, address to, 461 
George n., his astronomical warrant, 43 
German mounting of telescopes, 155 
Gilbert, D,, visits Hartwell, 140 
Gilliss, Lieutenant, on r] Argus, 109 

-on fi Cygni, 286 

Giralda Tower, the, 6 

Glaisher, John, employed by Dr. Lee, 168 

-James, his meteorological registers, 386 

-improved system, 394 

Glimpse-star, neai' \ Equulei, 295 
Goethe on the prismatic spectrum, 325 
Gravity, force of, on the Asteroids, 66 
Greenwich stars, their number, 177 
Gyroscope, by Laplace, 14 
-by Foucault, 14 

Hadley, on Siitnrn’s ring, 79 

Halley’s Comet, in the Bayeux tapestry, 89 

-Chinese observations of, 90 

-from the Nuremberg Chronicle, 91 

Halley, Captain, a commissioned ofiSicer, 9 
I Hampole, E. de, his Astronomy, 7 
Hartwell Observatory, origin of, 120 


Hartwell Observatory, its position, 464 
Hartwell, stars observed by Epps, 178—207 

-colours determined at, 380 

-meteorological instruments at, 394 

Harvard College, annals of, 78 
Hearing-tube described, 144 
Hebe, discovered by Hencke, 63 
Heliography, grand discovery, 61 
Heliometer, the, at Oxford, 156 

-^ at Kdnigsberg, 279 

-at Bonn, 282 

Hencke M., discovers Aatrtca, 63 

-discovers Hebe, 63 

Henderson, Professor, on y Virginis, 345 

-long thermometers, 392 

Herculis k}, fixity of, 264 
HercuHs ??, difficulty of, 275 
Herculis K, orbit of, 274 

-Lord Wrottesley on, 275 

-Mr. Fletcher on, 275 

Herculis a, motion of, 278 

-variability of, 278 

Herculis p, motion of, 279 
Herculis 200, P. XVII. fixity of, 279 
Herculis /i, duplicity of B, 280 
Herculis 96, colours of, 281, 317 
Herculis 100, discordances of, 283 
Hersohel, Sir W., on double stars, 210, 214 

-on 51 M, Canum Venat., 250 

-on coloured stars, 314 

-never predicted weather, 399 

Plerschel, Sir J., on solar spots, 26 

- on stellar light, 74 

-on Saturn’s ring, 76 

-on Saturn’s satellites, 80 

-on variable stars, 101 

-on 1 } Argus, 110 

-on 51 M. Canum Venat, 250 

-on 27 M. Yulpeoulae, 291 

-on stellar magnitudes, 820 

-on the undulatory theory, 823 

-on y Virginis, 838—351 

-orbit of y Virginis by, 342 

-on weather, 401 
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Herscliel, Sir J., on a new planet, 421' 

-on Barlow’s object-glass, 482 

-revised orbit of y Yirginis, 439 

-bis observations at the Cape, 439 

-quoted througbout. 

Hestia, discovery of, 126 
Heveliua, bis Catalogue, 8 
Hind, J. E,, discovers Iris, 64 

-discovers ten asteroids, 64 

-receives the E. A. S. medal, 64 

-on Halley’s comet, 90 

-on variable stars, 102 

-bis cbanging star, 103 

-on a Ceutauri, 110 

-on a Gerainorum, 235 

-on colours of stars, 245 

-on ju® Bootis, 261 

-on tr Coron. Borealis, 271 

-on \ Opbiucbi, 273 

—-i-on 70 Opbiucbi, 282 

-on S Cygni, 287 

-on y Virginia, 350, 361 

History, De Morgan on, 8 
Hopkins, Mr., on tbe Earth’s crust, 49 
Horizon, artificial, by Trougbton, 15 
Horton, Mr., meteorological registers, 394 
House of Treasures, tbe, 131 
Humboldt, Baron Von, on light, 297 
Hydra 108 P. VHI., fixity of, 240 

_colours of, 240 

Hydro) e, motion of, 240 
Hydrffl 17, fixity of, 241 
Hyperion, discovery of, 82 
Hypothesis, nebular, thoughts on tbe, 111 
_probability of, 113 

Index Expurgafcorius, 117 
Infra Arcturum, a parallax-pointer, 255 
Inquisition, terrors of tbe, 118 
Instiniments, at Hai*twell, 123 
Iris, discovered by Hind, 64 

Jacob, Captain, on Mars, 61 

__on Eridani, 225 

__on 98 P. in. Eridani, 226 


Jacob, Captain, on 80 Tauri, 228 

_on a Geminorum, 235 

-on 51 Libras, 263 

_on V Soorpii, 225, 264 

_on 0 - Coron. Borealia, 272 

_on 70 Opbiucbi, 282 

_on 29 Aquarii, 298 

-— on y Virginis, 366 

James, Colonel, topographical positions, 464 

Janus, Temple of, 138 

Job, Book of, quoted, 227 

Johnson, M. J., bis bearing-tube, 146 

_investigates parallax, 156 


. on parallax, 255 
• on y Virginis, 358 


Jones, T., bis transit-instrument, 134 
Jupiter, white spots on, 72 


light of, 72 
diagram of, 73 

a good photometric standard, 74 
satellites of, 75 


Kant, I., predicts a planet, 410 
Kempis, Thomas quoted, 291 
Kepler, predicts a new planet, 405 
Kbazzan, ofiSce of, 261 
King, Admiral P. P., bis observations, 140 
Kowalski, Professor, on Neptune, 87 
Krbger, Dr. A., on 70 Opbiucbi, 282 
Kunowski, on ^ Orionis, 231 

La Galla, J. C., on Galileo, 118 
Laplace, on Chinese observations, 4 
Lardner, Dr., on Saturn’s ring, 76 
Lassell, sees Saturn’s third ring, 78 

____discovers a satellite, 82 

_on tbe satellites of Uranus, 85 

_discovers Neptune’s satellite, 88 

_bis reflecting telescope, 168 

__repairs to Malta, 164 

_on the sky of Malta, 165 

_on Neptune, 416 

Latitudes of tbe stars, 115 
Lc 9 ons d’Astronomic, 114 
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Lee, Dr. John, prints this volume, iii. 

-on the eclipse of 1858, 36 

_purchase of instruments, 121 

_loan to Euphrates expedition, 123 

-lends telescope to N. Pogson, 126 

-fits up a transit-room, 130 

-adds an equatoreal tower, 147 

-model for Paris exposition, 158 

-engages Mr James Epps, 168 

-liberality to Mi’s, Epps, 168 

-his inscriptiorLS on the Hartwell tran¬ 
sit instrument, 176 

-his reduced transits, 205 

-colour of a star in Hydr®, 240 

-misinformed as to a star, 284 

-direct comparison of colours, 309 

-founds the Meterological Society, 385 

-his meteorological equipment, 394 

-seconds Mr. Airy’s Amendment in the 

Neptunian discussion, 429 
Leith HjII, height of, 462 
L’Envoy, to the reader, 402 
Leonis, 8 and 18, not variable stars, 107 
Leonis E. a variable star, 107 
Leonis w, binarity of, 241 
Leonis y, motion of 242 

-colours of, 241 

Leonis 49, fixity of, 242 
Leonis 67 P. X. motion of, 242 
Leonis 54, fixity of, 243 
Leonis t, binarity of, 244 
Leporis fixity of, 229 

-examined by Lord Wrottesley, 229 

Leporis /3, duplicity of, 230 

Le Verrier, on perturbations of Uranus, 413 

-fixes Neptune’s place, 414 

-honours conferred on, 416 

Libraries, pleasures of, 181 

librcB E. to be observed at Hartwell, 128 

Libras 51 seu ^ Scorpii, Captain Jacob on, 263 

----orbit of, 263 

Light, of coloured stars, its properties, 815 

--electric, velocity of, 322 

Light, male and female, of Milton, 319 


Light, its velocity, 297, 321 

-stellar, differs from solar, 322 

-undulations of, 322 

London Bridge, its height above the flea, 403 
Longitude by electric tclegraj)li, 143 

-found by Limaa’s, 464 

-of Hartwell Observatory, 173 

Lowca Poundcry, polar axis cast at, 303 
Lowndes, Eev. C., liia Observatory, 175 
Lunar influence on wcatlicr, 4 01 

-mountains, height of, 57 

Lunojs, rating chronometers by, 464 

-necessity of E. and W., 405 

-better in high than low latitudes, 406 

Lusieri, G-., liia excellent paintings, 332 
Luther, M., on a Herculis, 278 
Lyncis 12, motion of, 233 

-colours of, 233 

Lyncis 301 P. VIL to be watched, 234 
Lyras a, photograidiio inilueneo of, 285 
Lyraj e, motion of, 286 
-Ai’gelander on, 280 

Mabinogion and lung Arthur, 250 
Maclcar, T,, on Parallax, 101 

-measures a siiuill iirc, 141 

- on € Canis Maj., 234 

Macro-micro lens used, 300 
Macro micrometer, tlie, 214 
Mudlor, M., on sohir translation, 41 

-on the moon, 57 

-on Saturn’s ring, 80 

-on to Leonis, 241 

-on rj Coron© Bor., 260 

-on K Herculis, 274 

- on 70 Ophiuchi, 282 

-on a new planet, 41J 

Magnetism, terrestrial, 29 

-- its connection wiUi the sun, 30 

-General Sabina on, 31 

Magnitudes of stars, 212 

■-to be measured, 320 

Main, Eev. E., on solar ti’anslation, 39 
-on Saturn, 75 
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Main, Rov. R., y Arietis, 221 

- y Aiidromedro, 223 

-- r\ CassiopctB, 218 

-detects proper motion in 2 Camelo« 

paiHli, 228 

-on j3 Orionis, 229 

-on I Orionis, 232 

-on e Hydi’EB, 241 

--on t Leonis, 244 

-on 17 Crateris, 246 

- on y Yirginis, 247 

-on 12 Canum Venat., 248 

-on 1 } Coronoo Bor., 260 

-on ff CoroniB Bor., 271 

-on \ Opliiuchi, 274 

-on Drjiconis, 276 

-on e Lyrsc, 286 

-on e Driiconis, 289 

-on ^ Acpiarii, 298 

Malta, its advantJig<<R for Astronomy, 165 
Mansiiold, Lord, on inventions, 426 
Mar(i Imbviuiu hi the Mooji, 56 
Man*. OriHiuiu, its three ijhasos, 58 
Mariott(j on Line stars, 294 
Marks, imn'idian, described, 138 
Mars, colon ring of, 61 

-brightness of, 62 

-diagram of distance of, 62 

Martini, B.,his fluid object-glass, 159 
Maskidyne, Dr., observes transit of Venus, 44 
Maury. Dieut, on Biela’s Comet, 96 
May, Chiu-lea, his polygonal star, 151 

__arranges cquatoreal tower, 149 

Measuring of double-stars, 215 
Medal of the Royal Astronomical Society not 
awarded for Neptune, 429 
Medium, an ethereal, exists, 66 
Mercury, Sch rooter on, 41 

—!-mountains of, 41 

_R(jv. W. R. Dawes on, 42 

Meridian-line, drawing a, 131 

_measured, 172 

_-— marks described, 138 

Meridional observationu, hy Epps, 178—207 


Meteorological Department, 383 

-Instruments at Hartwell, 386,394 

-Society, formation of, 385 

Meteorology, during an eclipse, 36 

-importance of, 884, 392 

-must be accurate, 398 

MicheU on double-stars, 210 
Micrometer, double-image, 125 

-ocular crystal, 126 

Miller, J. F , on y Yirginis, 361 
Milton, on the lunar spots, 59 

-on Galileo, 118 

-on male and female light, 319 

-on the solar system, 405 

Missing stars, 237 
Mitchell, Profesor, on Antares, 272 
Mizar, photograph of, 249 
Monocerotis 11, is quadruple, 232, 

Monocerotis 8, 232 

_colours of, 232 

Moon, the, 52 

-— atmosphere of, 60 

-full, dissolves clouds, 60 

. _its influence on the weather, 59 

-heat of, 60 

-light of, 60 

_the Man in the, 50 

_model of, 58 

Moon-cnlminating stars, use of, 172 
Morton, Mr., on y Yii^is, 247 

_ _on 51 M. Canum Yen., 251 

_on V Scorpii, 265 

Mosotti, his stellar system, 296 
Mountains, lunar, height of, 57 
Mutiny on board the Paramour, 10 
Murray, Su* W. K., on Jupiter, 73 

___-— diagram by, 73 

_on y Andromedee, 223 

Nasmyth, J., on lunar mountains, 53 
Nebula, in Andromeda, 285 

__tbe dumb-bell, 290 

1 Nebular Hypothesis, thoughts on the, 111 
____- probability of, 113 
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Nebulse, to be observed in Australia, 334 

-condensation of, 112 

-planetary, -woudera of, 118 

-spirality of, 254 

Negretti and Zambra’s aneroids, 297 
Neptune, first seen, 415 

-appearance of, 416 

-discovery of, 86 

-distance of, 88 

-elements of, 87 

-r name of, 430 

-in Mr. Lassell’s telescope, 89 

-ring of, 417 

-Story of, 405 

-satellite discovered, 88 

Nomenclature of colours, 818 

---mythological, 81 

-scientific, 67, 104, 430 

North, Eev. J., his telescope, 162 
Numerus Constans Nutationis, quoted, 218 
Nuremberg Chronicle, on Halley’s comet, 90 
-quoted, 389 

Object-glass, colouring effect of, 328 

-the fluid described, 158 

-Barlow’s described, 431 

-the large, not perfect, 162 

Observations, how to take, 214 
Observatory, the Bedford, 120 

-the Hartwell, origin of, 120 

-of Eev. Mr. Reade, 175 

-of Rev, Mr. Lowndes, 176 

-of Mr. J. Dell, 127 

-of Mr. T. DeU, 175 

-of Mr. Fletcher, 304 

Observatories, pleasures of, 122 

-private, aims of, 121 

-their use, 402 

-value of, 140 

Ocular-crystal Micrometer, 126 
Ogilby, J., on Charles H., 248 
Olbers’ hypothesis on asteroids, 65 
Ophiuohi Mira, a variable star, 103 
* Ophiuchi R, a variable star, 107 


Ophiuchi X, motion of, 273 
Ophiuchi 19, difficulty of, 275 
Ophiuchi 36, discordances of, 27G 

-- Greenwich, measures of, 277 

-Proper motion of, 278 

Ophiuchi r, motion of, 280 
Ophiuchi 70, orbit of, 281 
Ophiuchi 73, motion of, 283 
Orbits, of Asteroids, 66 
Orbit of y Virginia, 342 

-graphic method for, 448 

-of y Virginia by Sir J. Herschel, 444 

-- by Captain H. A. Smyth, 449 

Orionis /3, fixity of, 229 
Orionis X, colours of, 231 

-fixity of, 231 

Orionis fixity of, 231 

-colours of, 232 

Ostler, improves the anemometer, 896 
Ovid, Metamorphoses quoted, 401 
Ozonometers, use of, 397 

Palermo Catalogue, excellence of, 224 
Papal System, the woodcut of, 119 
Parallax, detection of, 99 

-of double stars, 154 

-Mr. Peters on, 99, 256 

-Mr. Maclear on, 101 

-Mr. Johnson on, 255 

-Lord Wrottesley on, 289 

Paramour, the, Halley’s ship, 9 
Paraselene, seen at Stone, 388 
Parhelia, seen in 1160, 389 

-in. 1696, 391 

Pearson, Dr., his Practical Astronomy, 21^5 
Pegasi discrepancies of, 299 
Pegosi 306 XXIL to be watched, 299 
Pendulum, the conical, 158 

-experiments with, 11 

-a new, 135 

-by E. Troughton, 128 

Persei 220 P. 11. why re-measured, 224 
Persei 40, fixity of 226 
Persei 58, fixity of, 228 
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Persoi /3, its colours, 32G 

-Arago on, 326 

Perturbations extraneous of y Virginia, 356 

Peters, Mr., on parallax, 99, 256 

l^hotograpliy, wonderful discovery, 61 

Plu)iogrjipliy, Stellar, 285 

Pliotograplis of stai’s, 249 

Pierce, Professor, tbe first American F.R.S., 77 

--on Saturn’s ring, 77 

--on Neptmnc, 431 

Piacium 38, fixity of, 216 

Pisoiiim 55, fixity of, 214 

Piaciuiu 251 P.O. orbital motion of, 219 

Pisciuin motion of, 220 

l^Lscium 100, angular retrocession of, 221 

Piscium 123 P. I, motion of, 221 

Piscium (t, anomalies of, 222 

PiiiH Vn. legalises Copernicus, 116 

Plain‘t predicted by Keplor, 405 

PngHon, N , oil Asteroids, G8 

_bia curves of Vcii’iable stars, 108 

--discovers Ilestia, 126 

___engaged at Hartwell, 128 

_on the light of comets, 257 

—.— oil variable sUu's, 266, 271 

Polar-axLB of iron, described, 303 

_—-costing of, 304 

__when first used, 154 

___excellence of, 155 

Polar-cloek, invented by Wheatstone, 142 

Poll, Manpiis, on the pendulum, 12 

Pollux, a variable star, 104 

Pope, on human knowledge, 403 

l>opnliir Aslronomio quoted, 411 

PositiouB, topograpliical, from Colonel James, 464 

Powell, E. B., on a Coronm Bor., 272 

___on 70 Opliiuclii, 282 

Practical Astroiiomy, Dr. Pearson’s 215 
l^recoHsion of the equinoxes, 115 
Pj'odictionfl of a new planet, 210 

____of weather valueless, 399 

ProHHure-stand, 17 
Prismatic spectra, 325 
Prisms of rock ciystaJ, 125 


Private Observatories, aiTna of, 121 
Prominences in solar eclipses, 32 
Proper motion of a Bootis, 265 
Procyon a binary system, 238 
Ptolemy mentions double-stars, 209 
Pythagoras, his discovery, 6 

Quarries, or Alhowreah, 5 
Quetelet, M., on a telegraph-clock, 142 
Quixote, Don, on solar spots, 25 

Radius-vector of Uranus, 421 
Reade, Rev. J. B., his Observatory, 175 
Reclamation for Mr. Wheatstone, 142 
Reduction of Mr. Epps’s observations, 177 
j Eefiecting Circle by Troughton, 169 
Refiector, the grand, 167 

-to he sent to Australia, 334 

Registers, monthly meteorological, 386 
Ring of Neptune, 417 

-of Saturn, its shades, 76 

Robinson, Dr., on Transit Observations, 146 

_— on the Rosse Telescope, 250 

_prediction on do., 254 

Rock-crystal prisms, 128 

Rogers, quoted, 335 

Rolle, R., his claims to philosophy, 7 

Rosse, Earl of, resolves the nehulse, 112 

_—— his refiecting telescope, 160 

-his last telescope, 166 

__ on 51 M. Canum Ven. 253 

_discovers spiral nebulas, 254 

_on 27 M. Vulpeculae, 291 

Rothman, W. R., on Chinese astronomy, 3 
Royal Society, awards Le Verrier a medal, 425 

Sabine, General, on Magnetism, 29 

Sagitarii, R. to be observed, 128 

Sagittse K, fixity of, 288 

Saint John’s Lodge, position of, 465 

Saint Helena, suited for an observatory, 289 

Sang, Mr., his gyroscope, 14 

Satellites of Jupiter, 75 
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Satellites, Neptime’s, discovered, 88 

-Saturn’s, periods of, 80 

-names of, 81 

-of UriinuB, 84 

-— orbits of, 86 

Saturn, re-examined, 75 

-as seen by De la Rue, 79 

- satellites of, 80 

Savary, M. on double-stars, 211 
Scale, cbromatio, necessity of, 381 
Science, cultivators of, 18 
Scientific nomenclature, 430 
Schiller on Saturn’s ring, 79 
Schunbcin, Dr., his ozonometers, 397 
Sclnmter, on Mercury, 41 
Schmnacher, Professor, on Jupiter, 72 
Schwabe, M., on solar spots, 27 
Scorpii V, Captain Jacob on, 226 

--triplicity of, 264 

-colours of, 266 

Scorpii 80 M. variable stars near, 266 
Scorpii E. table of observations of, 267 
Scoi-pu S. table of observations of, 269 

■-variability of, 270 

Scorpii a, duplicity of, 272 
Secohi, Padre, on Saturn’s ring, 80 

-on colours of stars, 308 

Scatini, B., on colour, 306 

-driven from Italy, 307 

-settles in George Town, U. S , 308 

-his list of coloured stars, 309 

-on coloured stars, 314 

-on variable coloured stars, 319 

Sei’pentis 6, binarity of, 262 
Serpentis 49, binarity of, 265 

-new star near, 265 

Soi’pentis 69, colours of, 284 
Serson, Mr., his horizontal top, 15 
Sextant, use of the, 170 

-advantages of, 171 

-importance of its screens, 466 

Shakspeare, quotation Irom, 120 
Sheepshanks, Rev. R, his pendulum, 158 
Shutter, weight for closing, 133 


Sidereal heavens, a glance at, 99 
Sirius, a binary system, 238 
Smyth, Mrs., on /3 Cygni, 287 

-figures the Oxford heliometer, 156 

-on colour of a star in Hydra, 240 

-Caroline M. draws iron-coating, 804 

-her untimely death, 304 

-0. Piazzi, his free revolver, 15 

-on the Mare Crisium, 58 

-on the Moon’s heat, 60 

-observes Jupiter on Teuerifle, 75 

-on 7j Argus, 109 

-sees Antares double, 273 

-on /3 Cygni, 287 

■-observes coloured stiixs, 315 

-draws Encke’s comet, 371 

-on temperature, 393 

-H. A. examines meridian line, 173 

-his undertaking, 368 

-- his orbit of y Virginis, 449 

Solar eclipses, 32 

Solar eye-piece by Mr. Dawes, 28 

Solar spots. Captain Stanyan on, 25 

-discovery of, 26 

-seen by Virgil, 25 

-mentioned by Cervantes, 25 

-Sir J. Hcrschel on, 26 

-connected with magnetism, 26 

--— M. Schwabe on, 27 

Solar system, disturbances of the, 408 

Solar Translation, 39 

SoUitt, Mr., sees e Bootis double, 258 

Somerville, Mi’s., on a new planet, 411 

South, Sir J., on the Bedford telescope, 158 

Spectra, prismatic, 325 

Spectrum, rays of, how estimated, 320 

-different velocities of, 322, 324 

Sphere, the inerratic, 99 

Spiral nebulae, 264 

Spots solar, discovery of, 25 

Standard of colour, 329 

Stanhope, Earl, his reflecting telescope, 161 

-his almanac, 162 

Stanyan, Captain, on solar spots, 25 



INDEX. 


479 


Stiir-|j;a55ers, the, quoted, 147 
Star, polygonal, on Hartwell dome, 151 
Stars, coloured, fixity of, 258 
- - - diatauce of, 100 

-double, colours of, 306 

-- ro-mcasured at Hartwell, 208, 211 

-latitucLcs of tlie, 115 

-luagnitiidcs of the, 212 

-moou-c\Tlmiuating, use of, 141 

__ used by Mr. Maclear, 141 

___observed by Rear-Admiral 

riiilip Parker King, 141 

■_observed at Hartwell, 172 

-nil obseiwing by daylight, 114 

-variable, hunted up, 101 

-list of, lOG 

-Arago on, 105 

---curves of, 108 

-to be observed, 128 

-in Scorpio, 266 

—--to be watched, 326 

-velocity of, 321 

Stalitanent, an erroneous, 115 

Steam, repulsed by the Admiralty, 112 

Stm'o.o( 3 copo, invented by Wheatstone, 142 

Story, tlie, of y Yirginis, 335 

Stratlbrd, Lieutenant, prints paper on Neptune, 423 

Slriivc, W., on solar translation, 40 

- _his Etudes d’Astronomic, 99 

_quoted throughout. 

Sim-paiiitiiig, admirable discovery, 26 
SyHl. 0111 , Solar, a glimpse of the, 25 

'raru-bank Observatory, 304 
Taiirl 80, motion of, 227 
Tauri SO, fixity of, 227 

__colours of, 227 

Tauri 118, fixity of, 230 
'rdiou-kaug, prior to Pythagoras, 6 
1 \'lt»grapb clock, Professor Wbeatstone’s, 142 

_described by M. Quctelct, 142 

___shown at the Royal Society, 143 

1 \‘U‘ 9 Cope, the Bedford, mounting of, 153 

__transferred to Hartwell, 153 

_— Mr. Bishop’s, 154 


Telescope, 5-foot, by Tulley, 124 
Telescope, reflecting, Mr. Lassell's, 163 

_Earl Stanhope’s, 151 

_particulars of, 163 

_Earl of Rosse’s, 160 

_Earl of Rosse’a last, IGG 

-__Lord Wrottesley’a, 164 

Telescopes, small, can do much, 213 

-mountings of, 155 

Toneriffe, great crater of, 56 

Thales, eclipse of, 4 

Thermometers, Earth-, described, 392 

Thomson, quoted, 208, 306, 388 

Tides, observed by Halley, 11 

Time-ball, electricity applied to, 144 

Titana, compared with Titaiiia, 85 

Titania, character of, 85 

Titius, of Wirtemberg, 407 

Top-horizontal, by Mr. Seraon, 15 

Tower, equatoreal, 147 

Toynbee, Henry, his lunar observations, 4G4 

_his position of St. John’s Lodge, 4G(I 

Traits des Couleurs, quoted, 294 

Transit instrument, lent to Colonel Chesney, 123 

__foundaiion for, 132 

_described, 134 

--a legacy, 176 

Transit-room, at Hartwell, 127—130 
Transits, the American method for, 141 
Translation, Solar, 39 
Trionguli i, fixity of, 224 
Tropical year, its duiution, 51 
Troughton, B., his artificial horizon, 15 

_pendulum by, 123 

_his reflecting circle, 1G9 

Tulley, telescope by, 124 
Typical errors in the “ Cycle,” 114 

Undulations in colour, 319 

-of light, 322 

Undulatory theory, Sir J, Herschel on, 823 
Uranus, fi)rm of, 83 

-satellites of, 84 

-radius vector of, 421 

Ursa Major, typified by King Artlmr, 250 
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Ursa Majoris motion of, 243 
Ursa Major 57, to be watched, 245 
Ursa Major fixity of, 249 
-photograph of, 249 

Valz, M., on Enche’s Comet, 379 
Van Srsinden, red prominences, 32 
Variability of coloured stars, 319 

-of stai’s, causes of, 270 

Variable stars, 101 

-near Scorpii 80 M., 266 

Vassenius, on solar eclipses, 33 

Velocity, diflPerent of difiPei'ent colours, 322, 324 

-of electric light, 322 

-of light, 321 

-of stars, 321 

Venus, transits of, 42 

-observed in Cumberland, 46 

Veronica, Saint, sudarium of, 389 
Victoria, discussion on, 67 
Villarceau, M., on r} Coronce Bor. 260 

-on z Herculis, 274 

Virgil, on solar spots, 25 

Virginis, y, to be observed by Mr. Pogson, 129 

-last measures of, 247 

-importance of, 246 

-the story of, 335 

-position of, 336 

-angular retrocession of, 337 

-seen single, 340 

-extraneous perturbations of, 356 

-Sir J. Herschel’s revision of, 439 

-*— Captain H. A. Smyth on, 449 

-a Farewell to, 449 

Vh'ginis 127 P. XIII orbit of, 254 
Vis motrix, questioned, 27, 60 
Vulliamy, B., his clock, 134 
VulpeouliB 27 M„ difficulty of, 290 

-Lord Rosse on, 290 

-Sii’ J. Herschel on, 291 

Waltershausen, Baron, on Moxmt Etna, 53 
Waring, on priority in discoveries, 426 
Weather, lunar influence on, 401 


Weather tables worthless, 400 
Webb, Rev. T. W., sees Procyou, 236 
Wega, light of, 285 
Weight of a dock, 137 

Wheatstone, Professpr, his telegraph clock, 142 

-his priority of invention, 144 

Whewell’s Galilean Inquiry, 116 

-anemometer, 396 

Wilkes, Captain, determines longitude, 143 
Wintei’, pleasures of, 388 
Wolff, Professor,’ on magnetism, 31 
Wollaston, Doctor, on stellar light, 285 
Woi’dsworth, quoted, 1, ISO, 174 

-reedves degree of D. G. L., 147 

Worthies, early English, 7 
Wrottesley, Lord, on double-stars, 301 

-on 29 Aquarii, 298 

-on parallax, 289 

-on p Cygui, 287 

-on 36 Ophiuchi, 276 

-on Antarea, 272 

-on y CoronoD Bor,, 263 

-on 17 Craicris, 245 

-mcasui'cs 26 Aurigu3, 231 

---measures k Leporis, 229 

-his telescope, 154 

-investigates parallax, 154 

-on y Virginia, 360 

Xerxes, the eclipse so called, 5 

Xylander, on lunar spots, 58 

Xylographers of the Nuremberg Chi-ouicle, 90 

Year, tropical, its duration, 51 
Yolland, Captain, quoted, 173 
Young, E., on plurality of worlds, 89 
Young, T., on uudulatory propagation, 323 

Zach, on solar beads, 35 

-hypothetic prediction^ 68, 406 

Zadkiel, an astrological almanack, 401 
Zambra and Negrctli’s Aneroids, 397 
Zanotti, Mathematician, 20 
Zeus, father of Urania, 68, 
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